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(57) ABSTRACT

A semiconductor device including a transistor and a connec-
tion portion is provided. The transistor includes a gate elec-
trode, a first insulating film over the gate electrode, an oxide
semiconductor film over the first insulating film and at a
position overlapping with the gate electrode, and source and
drain electrodes electrically connected to the oxide semicon-
ductor film; and the connection portion includes a first wiring
on the same surface as a surface on which the gate electrode
is formed, a second wiring on the same surface as a surface on
which the source and drain electrodes are formed, and a third
wiring connecting the first wiring and the second wiring. The
distance between an upper end portion and a lower end por-
tion of the second wiring is longer than the distance between
an upper end portion and a lower end portion of each of the
source and drain electrodes.
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1
SEMICONDUCTOR DEVICE AND DISPLAY
DEVICE INCLUDING THE
SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
including a transistor including an oxide semiconductor film.
Furthermore, the present invention relates to a display device
including the semiconductor device.

2. Description of the Related Art

Attention has been focused on a technique for forming a
transistor using a semiconductor thin film formed over a
substrate (also referred to as a thin film transistor (TFT)).
Such a transistor is used in a wide range of electronic devices
such as an integrated circuit (IC) or an image display device
(display device). A silicon-based semiconductor material is
widely known as a material for a semiconductor thin film
applicable to a transistor. As another material, an oxide semi-
conductor has attracted attention.

For example, a transistor including an oxide semiconduc-
tor containing indium (In), gallium (Ga), and zinc (Zn) as an
active layer of the transistor has been disclosed (see Patent
Document 1 and Patent Document 2).

Inrecentyears, with increased performance and reductions
in the size and weight of electronic appliances, demand for a
display device in which a driver circuit is formed so that
miniaturized transistors, connection wirings, or the like are
integrated with high density, and the driver circuit and the
display device are provided on the same substrate has risen.

REFERENCE
Patent Document

[Patent Document 1] Japanese Published Patent Application
No. 2006-165528
[Patent Document 2] Japanese Published Patent Application
No. 2007-096055

SUMMARY OF THE INVENTION

In a semiconductor device including an oxide semiconduc-
tor film, when transistors and wirings such as a power supply
line and a signal line electrically connected to the transistors
are integrated with high density, defects are generated in a
connection portion between the wirings in some cases.

For example, in the case where the distance between the
wirings is narrow, the case where the wiring has a large
unevenness of a step, or the like, normal conduction cannot be
ensured in the connection portion due to disconnection of a
conductive film that connects the wirings or poor coverage of
the conductive film that connects the wirings. In the case
where a semiconductor device including such a connection
portion is used in a display device, for example, a decrease in
the yield of the display device occurs because of malfunction
of the connection portion.

In view of the above problem, an object of one embodiment
of'the present invention is to provide a semiconductor device
including a transistor and a connection portion each of which
has excellent electrical characteristics because of having wir-
ings with specific shapes.

Another object of one embodiment of the present invention
is to give favorable electrical characteristics to a semiconduc-
tor device including an oxide semiconductor. Another object
is to provide a highly reliable semiconductor device which
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includes an oxide semiconductor and in which a change in the
electrical characteristics is suppressed. Another object of one
embodiment of the present invention is to provide a semicon-
ductor device that is suitable for miniaturization. Another
object of one embodiment of the present invention is to pro-
vide a semiconductor device with high productivity.

Note that the descriptions of these objects do not disturb the
existence of other objects. In one embodiment of the present
invention, there is no need to achieve all the objects. Other
objects will be apparent from and can be derived from the
description of the specification, the drawings, the claims, and
the like.

One embodiment of the present invention is a semiconduc-
tor device including a transistor and a connection portion. The
transistor includes a gate electrode, a first insulating film over
the gate electrode, an oxide semiconductor film over the first
insulating film and at a position overlapping with the gate
electrode, and a source electrode and a drain electrode elec-
trically connected to the oxide semiconductor film. The con-
nection portion includes a first wiring on the same surface as
a surface on which the gate electrode is formed, a second
wiring on the same surface as a surface on which the source
electrode and the drain electrode are formed, and a third
wiring connecting the first wiring and the second wiring. A
distance between an upper end portion and a lower end por-
tion of the second wiring is longer than a distance between an
upper end portion and a lower end portion of each of the
source electrode and the drain electrode.

The distance between the upper end portion and the lower
end portion of the second wiring is longer than that of each of
the source electrode and the drain electrode, whereby a step
difference due to the second wiring can be reduced. By reduc-
ing the step difference due to the second wiring, the coverage
with the insulating films and/or the conductive film, which are
formed over the second wiring, can be improved. Thus, a
connection portion with excellent electrical characteristics, in
other words, with reduced conduction failures can be
obtained.

The distance between the upper end portion and the lower
end portion of each of the source electrode and the drain
electrode included in the transistor is shorter than that of the
second wiring. Such a structure enables the transistor to have
favorable electrical characteristics. For example, in the case
where the transistor is a channel-etched transistor, at the time
of formation of the source electrode and the drain electrode,
the oxide semiconductor film, which is a semiconductor
layer, might be damaged. However, the source electrode and
the drain electrode each have the above structure, whereby
damage to the oxide semiconductor film can be minimized.
Furthermore, the end portion of each of the source electrode
and the drain electrode has the above structure, whereby the
electric field can be favorably applied to the oxide semicon-
ductor film serving as a channel region.

Another embodiment of the present invention is a semicon-
ductor device including a transistor and a connection portion.
The transistor includes a gate electrode, a first insulating film
over the gate electrode, an oxide semiconductor film over the
first insulating film and at a position overlapping with the gate
electrode, and a source electrode and a drain electrode elec-
trically connected to the oxide semiconductor film. The con-
nection portion includes a first wiring on the same surface as
a surface on which the gate electrode is formed, the first
insulating film over the first wiring, a first opening in the first
insulating film, a second wiring on the same surface as a
surface on which the source electrode and the drain electrode
are formed, a second insulating film over the second wiring, a
second opening in the second insulating film, and a third
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wiring covering the first opening and the second opening and
connecting the first wiring and the second wiring. A distance
between an upper end portion and a lower end portion of the
second wiring is longer than a distance between an upper end
portion and a lower end portion of each of the source electrode
and the drain electrode.

According to one embodiment of the present invention, a
semiconductor device including a transistor having excellent
electrical characteristics and a connection portion having
excellent electrical characteristics can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIGS. 1A and 1B are a top view and a cross-sectional view
illustrating one embodiment of a semiconductor device;

FIGS. 2A to 2D are cross-sectional views each illustrating
one embodiment of a semiconductor device;

FIGS.3A to 3C aretop views each illustrating one embodi-
ment of a semiconductor device;

FIGS. 4A to 4D are cross-sectional views illustrating one
embodiment of a method for manufacturing a semiconductor
device;

FIGS. 5A to 5D are cross-sectional views illustrating one
embodiment of a method for manufacturing a semiconductor
device;

FIGS. 6A and 6B are cross-sectional views illustrating one
embodiment of a method for manufacturing a semiconductor
device;

FIG. 7 is a cross-sectional view illustrating one embodi-
ment of a semiconductor device;

FIGS. 8A to 8D are cross-sectional views illustrating one
embodiment of a method for manufacturing a semiconductor
device;

FIGS. 9A to 9C are cross-sectional views illustrating one
embodiment of a method for manufacturing a semiconductor
device;

FIGS. 10A and 10B are a cross-sectional view and a band
diagram illustrating one embodiment of a semiconductor
device;

FIGS.11A to 11C are a top view and cross-sectional views
illustrating one embodiment of a semiconductor device;

FIGS. 12A and 12B are a block diagram and a circuit
diagram illustrating one embodiment of a display device;

FIG. 13 illustrates a display module;

FIGS. 14A to 14H illustrate electronic appliances;

FIGS. 15A to 15C are a top view and cross-sectional views
illustrating one embodiment of a semiconductor device;

FIGS.16A to 16E are cross-sectional views illustrating one
embodiment of a method for manufacturing a semiconductor
device;

FIGS. 17A to 17D are cross-sectional views illustrating
one embodiment of a method for manufacturing a semicon-
ductor device;

FIG. 18 illustrates a gray tone mask;

FIGS. 19A and 19B are cross-sectional views each illus-
trating a structure of a sample in Example; and

FIGS. 20A and 20B each show results of observation by
STEM in Example.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be described
below in detail with reference to the drawings. Note that the
present invention is not limited to the following description,
and it is easily understood by those skilled in the art that the
mode and details can be variously changed without departing
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from the spirit and scope of the present invention. Therefore,
the present invention should not be construed as being limited
to the description in the following embodiments and
examples. In addition, in the following embodiments and
examples, the same portions or portions having similar func-
tions are denoted by the same reference numerals or the same
hatching patterns in different drawings, and description
thereof will not be repeated.

Note that in each drawing described in this specification,
the size, the film thickness, or the region of each component
is exaggerated for clarity in some cases. Therefore, embodi-
ments of the present invention are not limited to such a scale.

In addition, terms such as “first”, “second”, and “third” in
this specification are used in order to avoid confusion among
components, and the terms do not limit the components
numerically. Therefore, for example, the term “first” can be
replaced with the term “second”, “third”, or the like as appro-
priate.

Functions of a “source” and a “drain” are sometimes
replaced with each other when the direction of current flow is
changed in circuit operation, for example. Therefore, the
terms “source” and “drain” can be used to denote the drain
and the source, respectively, in this specification.

In this specification, in the case where an etching step is
performed after a photolithography process, a mask formed in
the photolithography process is removed.

Embodiment 1

In this embodiment, a semiconductor device of one
embodiment of the present invention is described with refer-
ence to FIGS. 1A and 1B, FIGS. 2A to 2D, and FIGS. 3A to
3C.
<Structural Example of Semiconductor Device>

FIG. 1A is a top view of the semiconductor device of one
embodiment of the present invention, and FIG. 1B is a cross-
sectional view taken along a dashed-dotted line A-B and a
dashed-dotted line C-D shown in FIG. 1A. Note that in FIG.
1A, some components of the semiconductor device (e.g., an
insulating film serving as a gate insulating film) are not illus-
trated to avoid complexity.

The semiconductor device in FIGS. 1A and 1B includes a
transistor 150 and a connection portion 160.

The transistor 150 includes a gate electrode 1044 over a
substrate 102, a first insulating film 108 formed over the gate
electrode 104a, an oxide semiconductor film 110 formed in a
position over the first insulating film 108 and overlapping
with the gate electrode 1044, and a source electrode 112a and
a drain electrode 1125 that are electrically connected to the
oxide semiconductor film 110.

FIG. 1B illustrates an example in which the first insulating
film 108 has a two-layer structure of an insulating film 106
and an insulating film 107. Note that the structure of the first
insulating film 108 is not limited thereto, and for example, the
first insulating film 108 may have a single-layer structure or a
stacked-layer structure including three or more layers.

In addition, over the transistor 150, specifically over the
oxide semiconductor film 110, the source electrode 1124, and
the drain electrode 1125, a second insulating film 120 is
formed. FIG. 1B illustrates an example in which the second
insulating film 120 has a three-layer structure of insulating
films 114, 116, and 118. Note that the structure of the second
insulating film 120 is not limited thereto, and for example, the
second insulating film 120 may have a single-layer structure
or a stacked-layer structure including two layers or four or
more layers.
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Moreover, an opening 1424 reaching the drain electrode
11254 is formed in the second insulating film 120. In addition,
a conductive film 122a serving as a pixel electrode is formed
over the second insulating film 120 to cover the opening 142a.
The conductive film 1224 is connected to the drain electrode
1125 of the transistor 150.

The connection portion 160 includes a first wiring 1045
over the substrate 102, the first insulating film 108 over the
first wiring 1045, an opening 1424 provided in the first insu-
lating film 108, a second wiring 112¢ over the first insulating
film 108, the second insulating film 120 over the second
wiring 112¢, an opening 140 provided in the second insulat-
ing film 120, and a conductive film 1225 serving as a third
wiring that is formed to cover the openings 1425 and 140 and
connects the first wiring 1045 and the second wiring 112c¢.
FIG. 1B shows an example in which an opening over the first
wiring 1045 has two-level shapes of the opening 140 and the
opening 1425; however, the opening shape is not limited
thereto. For example, an opening reaching the first wiring
1045 may be formed in one step of forming the opening 1424.

Note that the first wiring 1045 is formed in the same steps
as the gate electrode 104a of the transistor 150. In other
words, the first wiring 1045 and the gate electrode 1044 of the
transistor 150 are formed on the same surface. Moreover, the
second wiring 112¢ is formed in the same steps as the source
electrode 1124 and the drain electrode 1125 of the transistor
150. In other words, the second wiring 112¢ and the source
electrode 1124 and the drain electrode 1125 of the transistor
150 are formed on the same surface.

Here, FIGS. 2A and 2B each illustrate a partly enlarged
view of the transistor 150 and the connection portion 160 of
the semiconductor device in FIG. 1B. FIG. 2A is a partly
enlarged view of the source electrode 112¢ and the drain
electrode 1125 of the transistor 150, and FIG. 2B is a partly
enlarged view of the second wiring 112¢ of the connection
portion 160.

As illustrated in FIG. 2A, end portions of the source elec-
trode 112a and the drain electrode 1125 of the transistor 150
each have a lower end portion c., and an upper end portion c.,.
In FIG. 2A, the lower end portion o, and the upper end
portion o, are shown only on the source electrode 1124 side;
however, the drain electrode 1125 also has a structure similar
to that of the source electrode 1124.

Furthermore, as illustrated in FIG. 2B, end portions of the
second wiring 112¢ of the connection portion 160 has a lower
end portion 3, and an upper end portion {3,. In FIG. 2B, the
lower end portion {3, and the upper end portion 32 are shown
only on one end portion of the second wiring 112¢; however,
the other end portion of the second wiring 112¢ also has a
structure similar to that of the one end portion of the second
wiring 112¢. However, the shape of the end portions of the
second wiring 112¢ is not limited to the structure in FIG. 2B,
and for example, only one end portion of the second wiring
112¢ may have a structure similar to that in FIG. 2B.

Asillustrated in FIGS. 2A and 2B, the distance between the
upper end portion and the lower end portion of the end portion
of the second wiring 112¢ (the distance between {3, and 3,)
included in the connection portion 160 is longer than the
distance between the upper end portion and the lower end
portion of each end portion of the source electrode 112a and
the drain electrode 1125 (the distance between o, and o)
included in the transistor 150.

The distance between the upper end portion and the lower
end portion of the second wiring 112¢ is made longer than that
of each of the source electrode 1124 and the drain electrode
1125, whereby a step difference due to the second wiring
112¢ can be reduced. By reducing the step difference due to
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the second wiring 112¢, the coverage with the insulating films
114, 116, 118 and/or the conductive film 1225 serving as the
third wiring, which are formed over the second wiring 112¢,
can be improved. Thus, contact failures between the second
wiring 112¢ and the conductive film 1225 serving as the third
wiring can be reduced.

The distance between the upper end portion and the lower
end portion of each of the source electrode 1124 and the drain
electrode 1125 included in the transistor 150 is shorter than
that of the second wiring 112¢. Such a structure enables the
transistor to have favorable electrical characteristics. In the
case where the transistor 150 is a channel-etched transistor as
illustrated in FIG. 1B and FIG. 2A, damage to the oxide
semiconductor film 110 may be caused at the time of forma-
tion of the source electrode 112a and the drain electrode 1125.

For example, at the time of formation of the source elec-
trode 1124, the drain electrode 1125, and the second wiring
112¢, by adjusting the etching condition, the shape of each
end portion of the source electrode 112a, the drain electrode
1124, and the second wiring 112¢ can be adjusted, and the
shapes of the source electrode 112a and the drain electrode
11254 are adjusted to the shapes similar to those of the second
wiring 112¢, whereby the etching time gets longer and dam-
age to the oxide semiconductor film 110 is easily caused.
Thus, the transistor 150 including the damaged oxide semi-
conductor film 110 does not have stable electrical character-
istics in some cases. Furthermore, the channel length (L) of
the transistor 150 is determined by the distance between the
source electrode 112a and the drain electrode 1124; thus, by
adjusting the shapes of the end portions of the source elec-
trode 1124 and the drain electrode 1125, the channel lengths
(L) of the transistors on a substrate varies in some cases.

However, in the semiconductor device of one embodiment
of the present invention, the shapes of end portions of the
source electrode and the drain electrode included in the tran-
sistor are different from those of the wiring included in the
connection portion, whereby both stable electrical character-
istics of the transistor and excellent contact resistance of the
connection portion can be obtained. This is an advantageous
effect obtained by using the semiconductor device of one
embodiment of the present invention.

Furthermore, in the semiconductor device of one embodi-
ment of the present invention, the source electrode and the
drain electrode of the transistor and the wiring of the connec-
tion portion can be collectively formed using the same mask.
Thus, a semiconductor device with high productivity can be
provided.

Here, modification examples of the connection portion 160
in FIG. 2B are described with reference to FIGS. 2C and 2D.

FIG. 2C shows a modification example of the connection
portion in FIG. 2B, and the shape of the end portion of the
second wiring 112c¢ is different. In accordance with the shape
difference of the end portion of the second wiring 112¢, the
shapes of the insulating films 114, 116, and 118 formed
thereover are also different.

The end portion of the connection portion 160 in FIG. 2C
includes a middle end portion 3, between a lower end portion
[; and an upper end portion 5. Thus, the end portion of the
second wiring 112¢ may have a stepwise shape including
plural angles. Thus, the coverage with the insulating films
114,116, and 118 formed over the second wiring 112¢ can be
further improved.

Furthermore, in the end portion of the connection portion
160 in FIG. 2C, the middle end portion o, and the upper end
portion a5 each have a curvature. With such a structure in
which the end portions each have a curvature, the coverage
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with the insulating films 114, 116, and 118 formed over the
second wiring 112¢ can be further improved.

FIG. 2D shows a modification example of the connection
portion in FIG. 2B, and the shape of the end portion of the
second wiring 112c¢ is different. In accordance with the shape
difference of the end portion of the second wiring 112¢, the
shapes of the insulating films 114, 116, and 118 formed
thereover are also different.

The end portion of the connection portion 160 in FIG. 2D
includes middle end portions -, B, By, and B, between a
lower end portion 36 and an upper end portion f3,,. For
example, as illustrated in FIG. 2D, the second wiring 112c has
a three-layer structure of a second wiring 112¢_1, a second
wiring 112¢_2, and a second wiring 112¢_3, whereby the
second wiring 112¢ can include the middle end portions f3,,
Bs, Bs, and p,, between the lower end portion §, and the upper
end portion ;. In this manner, the second wiring 112¢ pref-
erably has a stacked-layer structure of at least two layers.

As illustrated in FIGS. 2A to 2D, in the semiconductor
device of one embodiment of the present invention, at least
the distance between the upper end portion and the lower end
portion of the second wiring 112¢ (the distance between f3;
and f3,, the distance between [, and 35, or the distance
between 35 and §, ) included in the connection portion 160 is
preferably longer than the distance between the upper end
portion and the lower end portion of each of the source elec-
trode 112a and the drain electrode 1125 (the distance between
o, and a.,) included in the transistor 150.

As illustrated in FIGS. 2A to 2D, it is necessary that the
upper end portion be provided inside the lower end portion in
each of the source electrode 112a, the drain electrode 1125,
and the second wiring 112¢.
<Top Surface Shape of Connection Portion (Modification
Example)>

Modification examples of the top surface shape of the
connection portion 160 in FIG. 1A are described with refer-
ence to FIGS. 3A to 3C.

InFIG. 3A, the first wiring 1045 is connected to the second
wiring 112¢ through the conductive film 12254 serving as the
third wiring.

As illustrated in FIG. 3A, top surfaces of tips of the first
wiring 1045 and the second wiring 112¢ each may have a
circular shape. Although not illustrated, the top surface may
have a shape in which an elliptical or polygonal shape and a
straight line are combined other than a circular shape.

The top surface of the tip of each of the first wiring 1045
and the second wiring 112¢ has a circular shape as illustrated
in FIG. 3A, whereby particles generated in the manufacturing
process of the semiconductor device can be prevented from
being accumulated in the end portion. Thus, the second wir-
ing 112¢ serving as the third wiring can favorably cover the
openings 140, 1425, and 142c¢.

In FIGS. 1A and 3A, the first wiring 1045 and the second
wiring 112¢ are extended parallel to each other, however, the
first wiring 1045 and the second wiring 112¢ may be arranged
to face each other as illustrated in FIG. 3B. Furthermore, as
illustrated in FIG. 3C, the first wiring 1045 and the second
wiring 112¢ may be arranged to be at right angles to each
other. The top surfaces and the arrangement method of the
first wiring 1045 and the second wiring 112¢ may be selected
as appropriate by a practitioner, as illustrated in FIGS. 3A to
3C.

In FIGS. 3B and 3C, a region 144a and a region 1445 are
provided above the second wiring 112¢, respectively.

The regions 144a and 1445 in FIGS. 3B and 3C are regions
where the distance between the upper end portion and the
lower end portion in part of the end portion of the second
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wiring 112c¢ is longer than the distance between the upper end
portion and the lower end portion of each of the source elec-
trode 1124 and the drain electrode 1125 included in the tran-
sistor 150. For example, at the time of formation of the second
wiring 112¢, by a photolithography process, the second wir-
ing 112¢ is processed with the use of a light-exposure mask
such as a gray-tone mask, whereby part of the shape ofthe end
portion of the second wiring 112¢ can have any of the struc-
tures in FIG. 1B and FIGS. 2B to 2D.

Note that the detail of the semiconductor device of one
embodiment of the present invention in FIGS. 1A and 1B is
described in a method for manufacturing the semiconductor
device.
<Method for Manufacturing Semiconductor Device>

A method for manufacturing the semiconductor device of
one embodiment of the present invention illustrated in FIGS.
1A and 1B is described in detail with reference to FIGS. 4A to
4D, FIGS. 5A to 5D, and FIGS. 6A and 6B.

First, the substrate 102 is prepared. For the substrate 102, a
glass material such as aluminosilicate glass, aluminoborosili-
cate glass, or barium borosilicate glass is used. In the mass
production, a mother glass with the following size is prefer-
ably used for the substrate 102: the 8-th generation (2160
mmx2460 mm); the 9-th generation (2400 mmx2800 mm, or
2450 mmx3050 mm); the 10-th generation (2950 mmx3400
mm); or the like. High process temperature and a long period
of process time drastically shrink the mother glass. Thus, in
the case where mass production is performed with the use of
the mother glass, it is preferable that the heat process in the
manufacturing process be preferably performed at a tempera-
ture lower than or equal to 600° C., further preferably lower
than or equal to 450° C., still further preferably lower than or
equal to 350° C.

Next, a conductive film is formed over the substrate 102
and processed into desired regions, whereby the gate elec-
trode 1044 and the first wiring 1045 are formed. After that, the
first insulating film 108 including the insulating films 106 and
107 is formed over the substrate 102, the gate electrode 1044,
and the first wiring 1045 (see FIG. 4A).

The step of forming the gate electrode 104a and the first
wiring 10454 is referred to as a first patterning step.

As a material used for the gate electrode 104a and the first
wiring 1045, a metal element selected from aluminum, chro-
mium, copper, tantalum, titanium, molybdenum, and tung-
sten, an alloy containing any of these metal elements as a
component, an alloy containing these metal elements in com-
bination, or the like can be used. The material used for the gate
electrode 1044a and the first wiring 1045 may have a single-
layer structure or a stacked-layer structure of two or more
layers. For example, a two-layer structure in which a titanium
film is stacked over an aluminum film, a two-layer structure in
which a titanium film is stacked over a titanium nitride film, a
two-layer structure in which a tungsten film is stacked over a
titanium nitride film, a two-layer structure in which a tungsten
film is stacked over a tantalum nitride film or a tungsten
nitride film, a three-layer structure in which a titanium film,
an aluminum film, and a titanium film are stacked in this
order, and the like can be given. Alternatively, a film, an alloy
film, or a nitride film which contains aluminum and one or
more elements selected from titanium, tantalum, tungsten,
molybdenum, chromium, neodymium, and scandium may be
used. The material used for the gate electrode 104a and the
first wiring 1045 can be formed by a sputtering method, for
example.

The insulating film 106 is formed with a single-layer struc-
ture or a stacked-layer structure using, for example, any of a
silicon nitride oxide film, a silicon nitride film, an aluminum
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oxide film, and the like with a PE-CVD apparatus. In the case
where the insulating film 106 has a stacked-layer structure, it
is preferable that a silicon nitride film with fewer defects be
provided as a first silicon nitride film, and a silicon nitride film
from which hydrogen and ammonia are less likely to be
released be provided over the first silicon nitride film, as a
second silicon nitride film. As a result, hydrogen and nitrogen
contained in the insulating film 106 can be inhibited from
moving or diffusing into the oxide semiconductor film 110 to
be formed later.

The insulating film 107 is formed with a single-layer struc-
ture or a stacked-layer structure using any of a silicon oxide
film, a silicon oxynitride film, and the like with a PE-CVD
apparatus.

The first insulating film 108 can have a stacked-layer struc-
ture, for example, in which a 400-nm-thick silicon nitride film
used as the insulating film 106 and a 50-nm-thick silicon
oxynitride film used as the insulating film 107 are formed in
this order. The silicon nitride film and the silicon oxynitride
film are preferably formed in succession in a vacuum, in
which case entry of impurities is suppressed. The first insu-
lating film 108 in a position overlapping with the gate elec-
trode 104a serves as a gate insulating film of the transistor
150. Note that silicon nitride oxide refers to an insulating
material that contains more nitrogen than oxygen, whereas
silicon oxynitride refers to an insulating material that con-
tains more oxygen than nitrogen.

When the gate insulating film has the above structure, the
following effects can be obtained, for example. The silicon
nitride film has a higher relative permittivity than a silicon
oxide film and needs a larger thickness for an equivalent
capacitance. Thus, the physical thickness of the gate insulat-
ing film can be increased. This makes it possible to inhibit a
decrease in the withstand voltage of the transistor 150 and
furthermore increase the withstand voltage, thereby inhibit-
ing electrostatic breakdown of the transistor 150.

Next, an oxide semiconductor film is formed over the first
insulating film 108 and processed into a desired region,
whereby the oxide semiconductor film 110 is formed (see
FIG. 4B).

The step of forming the oxide semiconductor film 110 is
referred to as a second patterning step.

The oxide semiconductor film 110 preferably includes a
film represented by an In-M-Zn oxide that contains at least
indium (In), zinc (Zn), and M (M is a metal such as Al, Ga, Ge,
Y, Zr, Sn, La, Ce, or Hf). Alternatively, both In and Zn are
preferably contained. In order to reduce fluctuations in elec-
trical characteristics of the transistors including the oxide
semiconductor, the oxide semiconductor preferably contains
a stabilizer in addition to In and Zn.

As a stabilizer, gallium (Ga), tin (Sn), hathium (Hf), alu-
minum (Al), zirconium (Zr), and the like can be given. As
another stabilizer, lanthanoids such as lanthanum (La),
cerium (Ce), praseodymium (Pr), neodymium (Nd),
samarium (Sm), europium (Eu), gadolinium (Gd), terbium
(Tb), dysprosium (Dy), holmium (Ho), erbium (Er), thulium
(Tm), ytterbium (Yb), and lutetium (Lu) can be given.

As the oxide semiconductor included in the oxide semi-

conductor film 110, any of the following can be used: an
In—Ga—Zn-based oxide, an In—Al—Zn-based oxide, an
In—Sn—7Z7n-based oxide, an In—Hf—Zn-based oxide, an
In—La—Z7n-based oxide, an In—Ce—Zn-based oxide, an
In—Pr—Zn-based oxide, an In—Nd—Zn-based oxide, an
In—Sm—Zn-based oxide, an In—FEu—Zn-based oxide, an
In—Gd—Zn-based oxide, an In—Tb—Zn-based oxide, an
In—Dy—Z7n-based oxide, an In—Ho—Zn-based oxide, an
In—FEr—Zn-based oxide, an In—Tm—Zn-based oxide, an
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10
In—Yb—Zn-based oxide, an In—Lu—Zn-based oxide, an
In—Sn—Ga—Zn-based oxide, an In—Hf—Ga—Zn-based
oxide, an In—Al—Ga—Zn-based oxide, an In—Sn—Al—
Zn-based oxide, an In—Sn—Hf—Zn-based oxide, and an
In—Hf—Al—Zn-based oxide.

Note that the In—Ga—Zn-based oxide refers to an oxide
containing In, Ga, and Zn as its main components and there is
no particular limitation on the ratio of In, Ga and Zn. The
In—Ga—7n-based oxide may contain a metal element other
than the In, Ga, and Zn.

The oxide semiconductor film 110 can be formed by a
sputtering method, a molecular beam epitaxy (MBE) method,
a CVD method, a pulse laser deposition method, an atomic
layer deposition (ALD) method, or the like as appropriate. In
particular, the oxide semiconductor film 110 is preferably
formed by the sputtering method because the oxide semicon-
ductor film 110 can be dense.

In the formation of an oxide semiconductor film as the
oxide semiconductor film 110, the hydrogen concentration in
the oxide semiconductor film is preferably reduced as much
as possible. To reduce the hydrogen concentration, for
example, in the case of a sputtering method, a deposition
chamber needs to be evacuated to a high vacuum and also a
sputtering gas needs to be highly purified. As an oxygen gas
oran argon gas used for a sputtering gas, a gas which is highly
purified to have a dew point of —-40° C. or lower, preferably
-80° C. or lower, further preferably —100° C. or lower, or still
further preferably —120° C. or lower is used, whereby entry of
moisture or the like into the oxide semiconductor film can be
minimized.

In order to remove moisture remaining in the deposition
chamber, an entrapment vacuum pump such as a cryopump,
an ion pump, or a titanium sublimation pump is preferably
used. A turbo molecular pump provided with a cold trap may
be alternatively used. When the deposition chamber is evacu-
ated with a cryopump, which has a high capability in remov-
ing a hydrogen molecule, a compound including a hydrogen
atom such as water (H,0), a compound including a carbon
atom, and the like, the concentration of an impurity to be
contained in a film formed in the deposition chamber can be
reduced.

When the oxide semiconductor film as the oxide semicon-
ductor film 110 is formed by a sputtering method, the relative
density (filling factor) of a metal oxide target that is used for
the film formation is greater than or equal to 90% and less
than or equal to 100%, preferably greater than or equal to 95%
and less than or equal to 100%. With the use of the metal oxide
target having high relative density, a dense oxide semicon-
ductor film can be formed.

Note that to reduce the impurity concentration of the oxide
semiconductor film, it is also effective to form the oxide
semiconductor film as the oxide semiconductor film 110
while the substrate 102 is kept at high temperature. The tem-
perature at which the substrate 102 is heated may be higher
than or equal to 150° C. and lower than or equal to 450° C.; the
substrate temperature is preferably higher than or equal to
200° C. and lower than or equal to 350° C.

Next, first heat treatment is preferably performed. The first
heat treatment may be performed at a temperature higher than
or equal to 250° C. and lower than or equal to 650° C.,
preferably higher than or equal to 300° C. and lower than or
equal to 500° C., in an inert gas atmosphere, an atmosphere
containing an oxidizing gas at 10 ppm or more, or a reduced
pressure state. Alternatively, the first heat treatment may be
performed in such a manner that heat treatment is performed
in an inert gas atmosphere, and then another heat treatment is
performed in an atmosphere containing an oxidizing gas at 10
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ppmor more, in order to compensate for desorbed oxygen. By
the first heat treatment, the crystallinity of the oxide semicon-
ductor that is used as the oxide semiconductor film 110 can be
improved, and in addition, impurities such as hydrogen and
water can be removed from the first insulating film 108 and
the oxide semiconductor film 110. The first heat treatment
may be performed before processing into the oxide semicon-
ductor film 110 having an island shape.

Next, a conductive film 112 to be the source electrode
112a, the drain electrode 1125, and the second wiring 112¢ is
formed over the first insulating film 108 and the oxide semi-
conductor film 110 (see FIG. 4C).

The source electrode 1124, the drain electrode 1125, and
the second wiring 112¢ can be formed using the conductive
film 112 having a single-layer structure or a stacked-layer
structure with any of metals such as aluminum, titanium,
chromium, nickel, copper, yttrium, zirconium, molybdenum,
silver, tantalum, and tungsten, or an alloy containing any of
these metals as its main component. In particular, one or more
elements selected from aluminum, chromium, copper, tanta-
lum, titanium, molybdenum, and tungsten are preferably
included. For example, a two-layer structure in which a tita-
nium film is stacked over an aluminum film, a two-layer
structure in which a titanium film is stacked over a tungsten
film, a two-layer structure in which a copper film is formed
over a copper-magnesium-aluminum alloy film, a three-layer
structure in which a titanium film or a titanium nitride film, an
aluminum film or a copper film, and a titanium film or a
titanium nitride film are stacked in this order, a three-layer
structure in which a molybdenum film or a molybdenum
nitride film, an aluminum film or a copper film, and a molyb-
denum film or a molybdenum nitride film are stacked in this
order, and the like can be given. Note that a transparent
conductive material containing indium oxide, tin oxide, or
zinc oxide may be used. The conductive film can be formed by
a sputtering method, for example.

Next, resist masks 148a, 1485, and 148¢ are formed in
desired regions over the conductive film 112 (see FIG. 4D).

The resist masks 148a, 1485, and 148¢ are formed in a
manner that a photosensitive resin is formed over the conduc-
tive film 112 and is then exposed to light using a gray tone
mask or a half tone mask, whereby only the resist mask 148¢
in a region to be the second wiring 112¢ can have a stepwise
shape.

The gray tone mask or the half tone mask can be used for,
for example, the regions 144a and 1445 in FIGS. 3B and 3C.

Next, the conductive film 112 is etched from the upper
surface side of the resist masks 148a, 1485, and 148¢ and the
resist masks 148a, 1485, and 148¢ are removed after the
etching, so that the source electrode 1124, the drain electrode
1124, and the second wiring 112¢ are formed (see FIG. 5A).

The step of forming the source electrode 1124, the drain
electrode 11254, and the second wiring 112¢ is referred to as a
third patterning step.

As described above, the source electrode 1124, the drain
electrode 11254, and the second wiring 112¢ can be formed in
the same step, and the end portions of the source electrode
112a and the drain electrode 1125 can have different shapes
from the end portion of the second wiring 112c.

In this embodiment, the conductive film 112 is etched by a
dry etching method.

Note that at the time of etching the conductive film 112, the
oxide semiconductor film 110 is partly etched, so that an
oxide semiconductor film 110 having a depressed portion is
formed in some cases.
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The transistor 150 is formed at the stage where the source
electrode 1124 and the drain electrode 1125 are formed over
the oxide semiconductor film 110.

Next, the insulating films 114 and 116 are formed over the
first insulating film 108, the oxide semiconductor film 110,
the source electrode 112a, the drain electrode 11254, and the
second wiring 112¢ (see FIG. 5B).

For the insulating films 114 and 116, an inorganic insulat-
ing material containing oxygen can be used in order to
improve the characteristics of the interface with the oxide
semiconductor used for the oxide semiconductor film 110. As
examples of the inorganic insulating material containing oxy-
gen, a silicon oxide film, a silicon oxynitride film, and the like
can be given. The insulating films 114 and 116 can be formed
by a PE-CVD method, for example.

The thickness of the insulating film 114 can be greater than
or equal to 5 nm and less than or equal to 150 nm, preferably
greater than or equal to 5 nm and less than or equal to 50 nm,
more preferably greater than or equal to 10 nm and less than
orequal to 30 nm. The thickness ofthe insulating film 116 can
be greater than or equal to 30 nm and less than or equal to 500
nm, preferably greater than or equal to 150 nm and less than
or equal to 400 nm.

Further, the insulating films 114 and 116 can be formed
using insulating films formed of the same kinds of materials;
thus, a boundary between the insulating films 114 and 116
cannot be clearly observed in some cases. Thus, in this
embodiment, the boundary between the insulating films 114
and 116 is shown by a dashed line. Although a two-layer
structure of the insulating films 114 and 116 is described in
this embodiment, the present invention is not limited to this.
For example, a single-layer structure of the insulating film
114, a single-layer structure of the insulating film 116, or a
stacked-layer structure including three or more layers may be
used.

Next, desired regions of the insulating films 114 and 116
are processed, whereby the opening 140 is formed (see FIG.
50).

The step of forming the opening 140 is referred to as a
fourth patterning step.

Note that the opening 140 is formed to expose at least the
insulating film 107. In this embodiment, part of the surface of
the insulating film 107 is exposed in the opening 140. The
opening 140 can be formed by a dry etching method, for
example. Note that the method for forming the opening 140 is
not limited to the dry etching method, and a wet etching
method or a combination of dry etching and wet etching may
be employed.

Next, the insulating film 118 is formed over the insulating
film 116 to cover the opening 140. By forming the insulating
film 118, the second insulating film 120 including the insu-
lating films 114, 116, and 118 is formed over the transistor
150 (see FIG. 5D).

The insulating film 118 is a film formed using a material
that can prevent an external impurity, such as water, alkali
metal, or alkaline earth metal, from diffusing into the oxide
semiconductor film 110, and that further contains hydrogen.

For example, a silicon nitride film, a silicon nitride oxide
film, or the like having a thickness of greater than or equal to
150 nm and less than or equal to 400 nm can be used as the
insulating film 118. In this embodiment, a 150-nm-thick sili-
con nitride film is used as the insulating film 118.

The silicon nitride film is preferably formed at a high
temperature to have an improved blocking property against
impurities or the like; for example, the silicon nitride film is
preferably formed at a temperature in the range from the
substrate temperature of 100° C. to the strain point of the
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substrate, more preferably at a temperature in the range from
300° C. to 400° C. When the silicon nitride film is formed at
a high temperature, a phenomenon in which oxygen is
released from the oxide semiconductor used for the oxide
semiconductor film 110 and the carrier concentration is
increased is caused in some cases; therefore, the upper limit
of'the temperature is a temperature at which the phenomenon
is not caused.

Although not illustrated in FIG. 5D, an insulating film may
be further formed above the insulating film 118. As the insu-
lating film, for example, a silicon oxide film formed using an
organosilane gas by a PE-CVD method can be used. The
silicon oxide film can be formed to a thickness of 300 nm to
600 nm inclusive. As the organosilane gas, any of the follow-
ing silicon-containing compound can be used: tetraethyl
orthosilicate (TEOS) (chemical formula: Si(OC,Hs),); tet-
ramethylsilane (TMS) (chemical formula: Si(CH,),,); tetram-
ethylcyclotetrasiloxane (TMCTS); octamethylcyclotetrasi-
loxane  (OMCTS); hexamethyldisilazane (HMDS);
triethoxysilane (SiH(OC,Hs);); trisdimethylaminosilane
(SiH(N(CHj;),)5); and the like. For example, the silicon oxide
film is formed using an organosilane gas and oxygen by a
PE-CVD method at a substrate temperature of 200° C. or
higher and 550° C. or lower, preferably 220° C. or higher and
500° C. or lower, further preferably 300° C. or higher and
450° C. or lower.

The insulating film formed over the insulating film 118 can
smooth an uneven surface caused by the transistor 150 or the
like. Furthermore, since the insulating film is formed using an
inorganic material, the insulating film contains fewer impu-
rities that adversely affect the oxide semiconductor film 110
than a resin planarization film using an organic material,
which is preferable.

Next, desired regions of the insulating films 114, 116, and
118 are processed, whereby the openings 1424, 1425, and
142¢ are formed (see FIG. 6A).

The step of forming the openings 142a, 14256, and 142¢ is
referred to as a fifth patterning step.

The opening 1424 is formed to expose part of the drain
electrode 1125. The opening 1425 is formed to expose part of
the first wiring 1045. The opening 142¢ is formed to expose
part of the second wiring 112¢. The openings 142a, 1425, and
142¢ can be formed by a dry etching method, for example.
Note that the method for forming the openings 142a, 1425,
and 142c¢ is not limited to the dry etching method, and a wet
etching method or a combination of dry etching and wet
etching may be employed.

Next, a conductive film is formed over the insulating film
118 to cover the openings 1424, 1425, and 142¢ and pro-
cessed into desired regions, whereby the conductive film
122a serving as a pixel electrode and the conductive film 1225
serving as a third wiring are formed. At this stage, the con-
nection portion 160 is formed (see FIG. 6B).

The step of forming the conductive films 122a and 1225 is
referred to as a sixth patterning step.

The distance between the top end portion and the bottom
end portion of the second wiring 110¢ in the connection
portion 160 is longer than the distance between the top end
portion and the bottom end portion of each of the source
electrode 1124 and the drain electrode 1125 in the transistor
150. In other words, the taper angle of the end portion of the
second wiring 110c¢ is smaller than those of the source elec-
trode 1124 and the drain electrode 1124. Here, the taper angle
refers to a tilt angle formed by the bottom surface and the side
surface of each of the source electrode 1124, the drain elec-
trode 1125, and the second wiring 112¢ when the source
electrode 112a, the drain electrode 1124, and the second
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wiring 112¢ are observed in a direction perpendicular to their
cross sections. A taper angle of the side surface with continu-
ous curvature is a tilt angle formed by a bottom surface and a
given point of the side surface with continuous curvature of
each of the source electrode 112a, the drain electrode 1125,
and the second wiring 112¢.

The second wiring 112¢ has the above shape; thus, the
coverage with the conductive film 1225 serving as the third
wiring can be improved.

In the connection portion 160, the first wiring 1045 is
connected to the second wiring 110c¢ through the conductive
film 1225 serving as the third wiring.

For the conductive film used as the conductive films 122a
and 1225, an oxide containing indium may be used. For
example, a light-transmitting conductive material such as
indium oxide containing tungsten oxide, indium zinc oxide
containing tungsten oxide, indium oxide containing titanium
oxide, indium tin oxide containing titanium oxide, indium tin
oxide (hereinafter referred to as ITO), indium zinc oxide, or
indium tin oxide to which silicon oxide is added can be used.
The conductive film that can be used as the conductive films
122a and 1225 can be formed by a sputtering method, for
example.

Through the above steps, the transistor 150 and the con-
nection portion 160 are formed over the substrate 102.

In the semiconductor device of one embodiment of the
present invention, the transistor 150 and the connection por-
tion 160 can be formed over the same substrate using six
masks (through six patterning steps). Thus, a semiconductor
device with high productivity can be provided.

Next, a modification example of the semiconductor device
of'one embodiment of the present invention in FIGS. 1A and
1B is described with reference to FIGS. 15A to 15C. In FIGS.
15A to 15C, portions similar to those in FIGS. 1A and 1B and
portions having functions similar to those in FIGS. 1A and 1B
are denoted by the same reference numerals, and description
thereof is not repeated.
<Structural Example (Modification Example) of Semicon-
ductor Device>

FIG. 15A is a top view of the semiconductor device of one
embodiment of the present invention, and FIG. 15B is a
cross-sectional view taken along a dashed-dotted line A-B
and a dashed-dotted line C-D shown in FIG. 15A. FIG.15C s
a cross-sectional view taken along a dashed-dotted line E-F
shown in FIG. 15A. Note that in FIG. 15A, some components
of the semiconductor device (e.g., an insulating film serving
as a gate insulating film) are not illustrated to avoid complex-
ity.

The semiconductor device in FIGS. 15A, 15B, and 15C
includes a transistor 450 and a connection portion 460.

The transistor 450 includes a gate electrode 1044 over a
substrate 102, a first insulating film 108 formed over the gate
electrode 104a, an oxide semiconductor film 410a formed in
a position over the first insulating film 108 and overlapping
with the gate electrode 1044, and a source electrode 412a and
a drain electrode 4125 that are electrically connected to the
oxide semiconductor film 410a.

FIGS. 15B and 15C illustrate an example in which the first
insulating film 108 has a two-layer structure of an insulating
film 106 and an insulating film 107.

In addition, over the transistor 450, specifically over the
oxide semiconductor film 410a, the source electrode 412a,
and the drain electrode 4125, a second insulating film 120 is
formed. FIGS. 15B and 15C illustrate an example in which
the second insulating film 120 has a three-layer structure of
insulating films 114, 116, and 118.
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An opening 142a reaching the drain electrode 4126 is
formed in the second insulating film 120. In addition, a con-
ductive film 1224 serving as a pixel electrode is formed over
the second insulating film 120 to cover the opening 142a. The
conductive film 122a is connected to the drain electrode 4125
of the transistor 450.

The connection portion 460 includes a first wiring 1045
over the substrate 102, the first insulating film 108 over the
first wiring 1045, an opening 1424 provided in the first insu-
lating film 108, an oxide semiconductor film 4105 over the
first insulating film 108, a second wiring 412¢ over the oxide
semiconductor film 4104, the second insulating film 120 over
the second wiring 412¢, an opening 140 provided in the
second insulating film 120, and a conductive film 1225 serv-
ing as a third wiring that is formed to cover the openings 1425
and 140 and connects the first wiring 1045 and the second
wiring 412¢.

Note that the first wiring 1045 is formed in the same steps
as the gate electrode 104a of the transistor 450. In other
words, the first wiring 1045 and the gate electrode 1044 of the
transistor 450 are formed on the same surface. Moreover, the
second wiring 412c¢ is formed in the same steps as the source
electrode 412a and the drain electrode 4125 of the transistor
450. In other words, the second wiring 412¢ and the source
electrode 412a and the drain electrode 4125 of the transistor
450 are formed on the same surface.

The semiconductor device of FIGS. 15A to 15C is different
from that of FIGS. 1A and 1B in the structure of the oxide
semiconductor film 4104, the oxide semiconductor film 4105,
the source electrode 412a, the drain electrode 4125, and the
second wiring 412¢. For a material which can be used for the
oxide semiconductor films 410a and 4105, a material similar
to that of the oxide semiconductor film 110 of the semicon-
ductor device in FIGS. 1A and 1B can be referred to. Further-
more, for a material that can be used for the source electrode
412a, the drain electrode 41254, and the second wiring 412c¢,
the material that can be used for the source electrode 112a, the
drain electrode 1124, and the second wiring 112¢ of the
semiconductor device in FIGS. 1A and 1B can be referred to.

In the semiconductor device in FIGS. 15A to 15C, the
oxide semiconductor film to be the oxide semiconductor films
410a and 4105 and the conductive film to be the source
electrode 412a, the drain electrode 4124, and the second
wiring 412¢ are formed in the same steps, whereby the num-
ber of masks can be reduced and manufacturing cost can be
reduced.
<Method for Manufacturing Semiconductor Device (Modi-
fication Example)>

A method for manufacturing the semiconductor device of
one embodiment of the present invention in FIGS. 15A to 15C
is described below with reference to FIGS. 16A to 16E and
FIGS. 17A to 17D.

First, a conductive film is formed over the substrate 102
and processed by a first patterning step and an etching step,
whereby the gate electrode 104a and the first wiring 1045 are
formed. After that, the first insulating film 108 including the
insulating films 106 and 107 is formed over the gate electrode
104a and the first wiring 1045. The steps up to this stage are
similar to those in FIG. 4A.

Then, the oxide semiconductor film 410 and the conductive
film 412 are formed over the insulating film 107 (see FIG.
16A).

Next, resist masks 448a and 4485 are formed in desired
regions over the conductive film 412 (see FIG. 16B).

The resist masks 448a and 4485 are formed in a manner
that a photosensitive resin is formed over the conductive film
412 and is exposed to light using a gray tone mask or a half
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tone mask. With the resist masks 448a and 4485, an oxide
semiconductor film to be a channel formation region and a
source electrode and a drain electrode can be formed at the
same time. Furthermore, the resist mask 4485 in a region to be
the second wiring 412¢ can have a stepwise shape. As the
resist masks 448a and 4485, a negative-type or positive-type
photosensitive resin can be used. The positive-type photosen-
sitive resin is preferably used because a minute shape can be
formed.

Here, the gray tone mask used for forming the resist masks
448a and 448b is described with reference to F1IG. 18. F1IG. 18
is a top schematic view of the gray tone mask. For example,
the gray tone mask includes a transistor portion 470 and a
connection portion 472. The transistor portion 470 includes
regions 474, a region 475 and a region 476, and the connec-
tion portion 472 includes a region 474, regions 475 and
regions 478.

For example, the regions 474 are referred to as light-block-
ing regions, the regions 475 are referred to as transmissive
regions, the region 476 is referred to as a first semi-transmis-
sive region, and the regions 478 are referred to as a second
semi-transmissive regions. Furthermore, the light transmit-
tance in the regions 475 is higher than that in the region 476,
the light transmittance in the region 476 is higher than that in
the regions 478, and the light transmittance in the regions 478
is higher than that in the regions 474, whereby the resist
masks 448a and 448 as illustrated in FIG. 16B can be
formed. As light emitted to the resist masks 448a and 4485,
light with an i-line (with a wavelength of 365 nm) and/or light
with a g-line (with a wavelength of 436 nm) can be used. Note
that an ArF excimer laser, a KrF excimer laser, or the like
whose wavelength is shorter than that of light with an i-line
may be used.

Next, the conductive film 412 and the oxide semiconductor
film 410 are etched from the upper surface side of the resist
masks 448a and 448b. In the etching step, the resist mask
448a recedes or is reduced, so that the resist mask 448a is
divided into resist masks 448¢ and 4484. In addition, the resist
mask 4485 recedes or is reduced, so that a resist mask 448e is
formed. At this stage, the oxide semiconductor film 410 is
divided and the oxide semiconductor films 4104 and 4105 are
formed (see FIG. 16C). After that, the conductive film 412 is
etched and the resist masks 448¢, 4484, and 448e are removed
after the etching, so that the source electrode 4124, the drain
electrode 4125, and the second wiring 412¢ are formed (see
FIG. 16D).

The step of forming the oxide semiconductor films 410a
and 4105, the source electrode 412a, the drain electrode 4125,
and the second wiring 412¢ is referred to as a second pattern-
ing step.

As described above, at the time of forming the oxide semi-
conductor films 410a and 4105, the source electrode 412a,
the drain electrode 4125, and the second wiring 412c, a resist
is formed by using the gray tone mask or the halftone mask,
whereby the number of masks can be reduced by one.

As described above, the shapes of the resist masks 448a
and 4485 are made different from each other, whereby the end
portions of the source electrode 412a and the drain electrode
4125 can have different shapes from the end portion of the
second wiring 412¢.

In this embodiment, the oxide semiconductor film 410 and
the conductive film 412 are etched by a dry etching method.

Note that in etching of the oxide semiconductor film 410
and the conductive film 412, the oxide semiconductor film
410a is partly etched depending on the thickness or the shape
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of the resist mask 448a, so that an oxide semiconductor film
410q having a depressed portion is formed in some cases.

At this stage, the transistor 450 is formed.

Next, the insulating films 114 and 116 are formed over the
first insulating film 108, the oxide semiconductor film 410a,
the source electrode 412a, the drain electrode 4125, and the
second wiring 412¢ (see FIG. 16E).

Next, desired regions of the insulating films 114 and 116
are processed, whereby the opening 140 is formed (see FIG.
17A).

The step of forming the opening 140 is referred to as a third
patterning step.

Next, the insulating film 118 is formed over the insulating
film 116 to cover the opening 140. By forming the insulating
film 118, the second insulating film 120 including the insu-
lating films 114, 116, and 118 are formed over the transistor
450 (see FIG. 17B).

Next, desired regions of the insulating films 114, 116, and
118 are processed, whereby the openings 1424, 1425, and
142¢ are formed (see FIG. 17C).

The step of forming the openings 142a, 14256, and 142¢ is
referred to as a fourth patterning step.

Next, a conductive film is formed over the insulating film
118 to cover the openings 1424, 1425, and 142¢ and pro-
cessed into desired regions, whereby the conductive film
122a serving as a pixel electrode and the conductive film 1225
serving as a third wiring are formed. At this stage, the con-
nection portion 460 is formed (see FIG. 17D).

The step of forming the conductive films 122a and 1225 is
referred to as a fifth patterning step.

The distance between the top end portion and the bottom
end portion of the second wiring 410¢ in the connection
portion 460 is longer than the distance between the top end
portion and the bottom end portion of each of the source
electrode 4124 and the drain electrode 4125 in the transistor
450. In other words, the taper angle of the end portion of the
second wiring 410c¢ is smaller than those of the source elec-
trode 412a and the drain electrode 4125.

The second wiring 412¢ has the above shape; thus, the
coverage with the conductive film 12254 serving as the third
wiring can be improved.

In the connection portion 460, the first wiring 1045 is
connected to the second wiring 410c¢ through the conductive
film 1225 serving as the third wiring.

Through the above steps, the transistor 450 and the con-
nection portion 460 are formed over the substrate 102.

In the semiconductor device of one embodiment of the
present invention, the transistor 450 and the connection por-
tion 460 can be formed over the same substrate using five
masks (through five patterning steps). Thus, a semiconductor
device with high productivity can be provided.

This embodiment can be combined with any of the other
embodiments in this specification as appropriate.

Embodiment 2

In this embodiment, a semiconductor device of one
embodiment of the present invention is described with refer-
enceto FIG. 7, FIGS. 8 A to 8D, and FIGS. 9A to 9C. Note that
portions similarto those in FIGS. 1A and 1B, FIGS. 2A to 2D,
FIGS. 3A to 3C, FIGS. 4A to 4D, FIGS. 5A to 5D, and FIGS.
6A and 6B are denoted by the same reference numerals, and
description thereof is omitted.

A semiconductor device in FIG. 7 is a structural example in
which a capacitor 170 is connected to the transistor 150
described in Embodiment 1.
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The transistor 150 includes a gate electrode 1044 over a
substrate 102, a first insulating film 108 formed over the gate
electrode 104a, an oxide semiconductor film 110 formed in a
position over the first insulating film 108 and overlapping
with the gate electrode 1044, and a source electrode 112a and
a drain electrode 1125 that are electrically connected to the
oxide semiconductor film 110.

In addition, over the transistor 150, specifically over the
oxide semiconductor film 110, the source electrode 1124, and
the drain electrode 1125, a second insulating film 120 is
formed. FIG. 7 illustrates an example in which the second
insulating film 120 has a three-layer structure of insulating
films 114, 116, and 118.

Moreover, an opening 142a reaching the drain electrode
11254 is formed in the second insulating film 120. In addition,
a conductive film 1224 serving as a pixel electrode is formed
over the second insulating film 120 to cover the opening 142a.
The conductive film 1224 is connected to the drain electrode
1125 of the transistor 150.

The capacitor 170 includes an oxide semiconductor film
110a, the insulating films 114 and 116 which are formed to
overlap with part of an end portion of the oxide semiconduc-
tor film 110a, the insulating film 118 formed over the insu-
lating film 116 and the oxide semiconductor film 110a, and
the conductive film 1224 formed over the insulating film 118.

The capacitor 170 includes a dielectric film between a pair
of electrodes. Specifically, the oxide semiconductor film
110a as a conductive film serves as one of the pair of elec-
trodes, and the conductive film 122a serves as the other of the
pair of electrodes. The oxide semiconductor film 110q is
formed in the same step as the oxide semiconductor film 110
of the transistor 150, in other words, is formed on the surface
on which the oxide semiconductor film 110 is formed. The
conductive film 122a serves as the pixel electrode and the
electrode of the capacitor. Furthermore, as the dielectric film
of'the capacitor 170, the insulating film 118 serving as part of
the second insulating film of the transistor 150 is used.

In this manner, the transistor 150 and the capacitor 170 can
be formed at the same time. With the structure in which the
capacitor 170 is connected to the transistor 150, the semicon-
ductor device of one embodiment of the present invention can
beused ina pixel portion of a liquid crystal display device, for
example.

Moreover, although not illustrated in FIG. 7, the connec-
tion portion 160 in FIGS. 1A and 1B may be formed at the
same time as the transistor 150 and the capacitor 170.

In addition, the capacitor 170 has a light-transmitting prop-
erty. Specifically, the oxide semiconductor film 110a serving
as the one of the pair of electrodes, the conductive film 1224
serving as the other of the pair of electrodes, and the insulat-
ing film 118 serving as the dielectric film are formed using a
light-transmitting oxide semiconductor film, a light-transmit-
ting conductive film, and a light-transmitting insulating film,
respectively. The capacitor 170 having a light-transmitting
property can be formed in a large area.

Here, a method for manufacturing the semiconductor
deviceinFIG. 7 is described with reference to FIGS. 8 A to 8D
and FIGS. 9A to 9C.

First, the substrate 102 is prepared. Next, a conductive film
is formed over the substrate 102 and processed into a desired
region, so that the gate electrode 104a is formed. After that,
the first insulating film 108 including the insulating films 106
and 107 is formed over the substrate 102 and the gate elec-
trode 104a. Then, the oxide semiconductor film 110 and the
oxide semiconductor film 110a are formed over the first insu-
lating film 108 (see FIG. 8A).
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The step of forming the gate electrode 104a is referred to as
a first patterning step. The step of forming the oxide semi-
conductor film 110 and the oxide semiconductor film 1104 is
referred to as a second patterning step.

Next, a conductive film is formed over the first insulating
film 108, the oxide semiconductor film 110, and the oxide
semiconductor film 110a, and the conductive film is pro-
cessed into desired regions, whereby the source electrode
112a and the drain electrode 1125 are formed (see FIG. 8B).

The step of forming the source electrode 112a and the drain
electrode 1125 is referred to as a third patterning step.

The transistor 150 is formed at the stage where the source
electrode 1124 and the drain electrode 1125 are formed over
the oxide semiconductor film 110.

Next, the insulating films 114 and 116 are formed over the
first insulating film 108, the oxide semiconductor film 110,
the oxide semiconductor film 110a, the source electrode 112a
and the drain electrode 1125 (see FIG. 8C).

Next, desired regions of the insulating films 114 and 116
are processed, whereby an opening 140a is formed (see FIG.
8D).

The step of forming the opening 140a is referred to as a
fourth patterning step. Furthermore, the opening 1404 can be
formed at the same time as the opening 140 illustrated in FIG.
5C.

Note that the opening 140aq is formed to expose at least part
of the oxide semiconductor film 110q. In this embodiment,
part of the surface of the oxide semiconductor film 1104 is
exposed in the opening 140a. The opening 140a can be
formed by a dry etching method, for example. Note that the
method for forming the opening 140a is not limited to the dry
etching method, and a wet etching method or a combination
of dry etching and wet etching may be employed.

Next, the insulating film 118 is formed over the insulating
film 116 and the oxide semiconductor film 110a to cover the
opening 140a. By forming the insulating film 118, the second
insulating film 120 is formed over the transistor 150 (see FIG.
9A).

The insulating film 118 is a film formed using a material
that can prevent an external impurity, such as water, alkali
metal, or alkaline earth metal, from diffusing into the oxide
semiconductor film 110, and that further contains hydrogen.
Thus, when hydrogen in the insulating film 118 is diffused to
the oxide semiconductor film 110a, hydrogen is bonded to
oxygen or to oXygen vacancies to generate electrons that are
carriers in the oxide semiconductor film 110a. As a result, the
conductivity of the oxide semiconductor film 110a is
increased, so that the oxide semiconductor film 110a
becomes a conductive film having a light-transmitting prop-
erty.

In this embodiment, the method in which hydrogen is
supplied from the insulating film 118 in contact with the oxide
semiconductor film 110a is described, but the present inven-
tion is not limited to this. For example, a mask is formed over
the oxide semiconductor film 110 to serve as a channel of the
transistor 150, and a region not covered with the mask can be
supplied with hydrogen. For example, an ion doping appara-
tus or the like can be used to introduce hydrogen into the oxide
semiconductor film 110a.

Next, desired regions of the insulating films 114, 116, and
118 are processed, whereby the opening 1424 is formed (see
FIG. 9B).

The step of forming the opening 142a is referred to as a
fifth patterning step.

The opening 1424 is formed to expose part of the drain
electrode 11256. The opening 142a can be formed by a dry
etching method, for example. Note that the method for form-
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ing the opening 142a is not limited to the dry etching method,
and a wet etching method or a combination of dry etching and
wet etching may be employed.

Next, a conductive film is formed over the insulating film
118 to cover the opening 142a and processed into a desired
region, whereby the conductive film 122a serving as a pixel
electrode and an electrode of the capacitor is formed. At this
stage, the capacitor 170 is formed (see FIG. 9C).

The step of forming the conductive film 122a is referred to
as a sixth patterning step.

Through the above steps, the transistor 150 and the capaci-
tor 170 can be formed over the substrate 102.

In the semiconductor device of one embodiment of the
present invention, the transistor 150 and the capacitor 170 can
be formed over the same substrate using six masks (through
six patterning steps). Thus, a semiconductor device with high
productivity can be provided.

This embodiment can be combined with any of the other
embodiments in this specification as appropriate.

Embodiment 3

In this embodiment, a structure of a transistor that can be
used in a semiconductor device of one embodiment of the
present invention is described with reference to FIGS. 10A
and 10B.

A semiconductor device illustrated in FIG. 10A is an
example in which a stack of an oxide semiconductor film
1114 and an oxide film 1115 is used as the oxide semicon-
ductor film 110 of the transistor 150 included in the above-
described semiconductor device. Thus, the other components
are the same as those of the transistor 150; hence, the above
description can be referred to.

Here, the oxide semiconductor film 111a and the oxide film
1115 are described below in detail.

Metal oxides used for the oxide semiconductor film 111a
and the oxide film 1115 preferably contain at least one same
constituent element. Alternatively, the constituent elements
of the oxide semiconductor film 111a may be the same as
those of the oxide film 1115 and the composition of the
constituent elements of the oxide semiconductor film 111a
may be different from those of the oxide film 1114.

In the case where the oxide semiconductor film 111a is an
In-M-Zn oxide (M represents Al, Ga, Ge, Y, Zr, Sn, La, Ce, or
Hf), it is preferable that the atomic ratio of metal elements of
a sputtering target used for forming a film of the In-M-Zn
oxide satisfy In=M and Zn=M. As the atomic ratio of metal
elements of the sputtering target, In:M:Zn=1:1:1, In:M:
7Zn=5:5:6 (1:1:1.2), In:M:Zn=3:1:2, and the like are prefer-
able. Note that the proportion of the atomic ratio of the oxide
semiconductor film 111a formed using the above-described
sputtering target varies within a range of £20% as an error.

When an In-M-Zn oxide is used for the oxide semiconduc-
tor film 111a, the proportions of In and M, not taking Zn and
O into consideration, is preferably as follows: the atomic
percentage of In is greater than or equal to 25 at. % and the
proportion of M is less than 75 at. %; more preferably, the
proportion of In is greater than or equal to 34 at. % and the
proportion of M is less than 66 at. %.

The energy gap of the oxide semiconductor film 111a is 2
eV or more, preferably 2.5 eV or more, further preferably 3
eV or more. The off-state current of the transistor can be
reduced by using an oxide semiconductor having a wide
energy gap.

The thickness of the oxide semiconductor film 111a is
greater than or equal to 3 nm and less than or equal to 200 nm,
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preferably greater than or equal to 3 nm and less than or equal
to 100 nm, further preferably greater than or equal to 3 nm and
less than or equal to 50 nm.

The oxide film 11154 is typically In—Ga oxide. In—Z7n
oxide, or an In-M-Zn oxide (M represents Al, Ga, Ge, Y, Zr,
Sn, La, Ce, or Hf). The energy at the conduction band bottom
thereof is closer to a vacuum level than that of the oxide
semiconductor film 111a is, and typically, the difference
between the energy at the conduction band bottom of the
oxide film 1115 and the energy at the conduction band bottom
of'the oxide semiconductor film 111« is any one 0£0.05 eV or
more, 0.07 €V ormore, 0.1 eV or more, and 0.15 eV or more,
and any one of 2 eV or less, 1 eV or less, 0.5 eV or less, and
0.4 eV or less. That is, the difference between the electron
affinity of the oxide film 1115 and the electron affinity of the
oxide semiconductor film 111« is greater than or equal to 0.05
eV, greater than or equal to 0.07 eV, greater than or equal to
0.1 eV, or greater than or equal to 0.15 eV and also less than
or equal to 2 eV, less than or equal to 1 eV, less than or equal
to 0.5 eV, or less than or equal to 0.4 eV.

When the oxide film 1115 contains a larger amount of M in
an atomic ratio than the amount of In in an atomic ratio, any
of'the following effects may be obtained: (1) the energy gap of
the oxide film 11154 is widened; (2) the electron affinity of the
oxide film 1115 decreases; (3) an impurity from the outside is
blocked; (4) an insulating property increases as compared to
the oxide semiconductor film 111a. Further, oxygen vacan-
cies are less likely to be generated in the oxide film 1115
containing a larger amount of M in an atomic ratio than the
amount of In in an atomic ratio because M is a metal element
which is strongly bonded to oxygen.

When an In-M-Zn oxide is used for the oxide film 1115, the
proportions of In and A, not taking Zn and O into consider-
ation, is preferably as follows: the atomic percentage of In is
less than 50 at. % and the atomic percentage of M is greater
than or equal to 50 at. %; further preferably, the atomic
percentage of In is less than 25 at. % and the atomic percent-
age of M is greater than or equal to 75 at. %.

Further, in the case where each of the oxide semiconductor
film 111a and the oxide film 1115 is an In-M-Zn oxide (M
represents Al, Ga, Ge, Y, Zr, Sn, La, Ce, or Hf), the proportion
of M atoms in the oxide film 1115 is higher than the propor-
tion of M atoms in the oxide semiconductor film 111a. Typi-
cally, the proportion of M atoms in the oxide film 1115 is
higher than or equal to 1.5 times, preferably higher than or
equal to 2 times, further preferably higher than or equal to 3
times as large as that in the oxide semiconductor film 111a.

In the case where the oxide film 1115 has an atomic ratio of
In, M, and Zn which is x,:y,:z, and the oxide semiconductor
film 111a has an atomic ratio of In, M, and Zn which is
X5'Y,:Z,, ¥,/X; 1s larger than y,/xX,, preferably y,/x; is 1.5
times or more as large as y./X,. It is further preferable that
y,/X, be twice or more as large as y,/X,. It is still further
preferable that y,/x, be three or more times as large as y,/X,.
In this case, it is preferable that in the oxide semiconductor
film 111a, y, be higher than or equal to x, because the tran-
sistor including an oxide semiconductor can have stable elec-
trical characteristics. However, when y, is larger than or equal
to three or more times X,, the field-effect mobility of the
transistor including an oxide semiconductor is reduced. Thus,
it is preferable that y, be lower than three times x,.

Further, in the case where the oxide semiconductor film
111a and the oxide film 1115 are each an In-M-Zn oxide film,
the atomic ratio of metal elements of a sputtering target used
for forming the In-M-Zn oxide film preferably satisfies M>In,
and more preferably, Zn also satisfies Zn=M. As the atomic
ratio of metal elements of the sputtering target. In:Ga:Zn=1:
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3:2, In:Ga:Zn=1:3:3, In:Ga:Zn=1:3:4, In:Ga:Zn=1:3:5,
In:Ga:Zn=1:3:6, In:Ga:Zn=1:3:7, In:Ga:Zn=1:3:8, In:Ga:
7Zn=1:3:9. In:Ga:Zn=1:3:10, In:Ga:Zn=1:6:4, In:Ga:Zn=1:6:
5, In:Ga:Zn=1:6:6, In:Ga:Zn=1:6:7, In:Ga:Zn=1:6:8, In:Ga:
7Zn=1:6:9, and In:Ga:Zn=1:6:10 are preferable. Note that the
proportion of each metal element in the atomic ratio of each of
the oxide semiconductor film 111a and the oxide film 1115
formed using the above-described sputtering target varies
within a range of £20% as an error.

Note that, without limitation to the compositions and mate-
rials described above, a material with an appropriate compo-
sition may be used depending on required semiconductor
characteristics and electrical characteristics (e.g., field-effect
mobility and threshold voltage) of a transistor. Further, in
order to obtain the required semiconductor characteristics of
the transistor, it is preferable that the carrier density, the
impurity concentration, the defect density, the atomic ratio of
a metal element to oxygen, the interatomic distance, the den-
sity, and the like of the oxide semiconductor film 111a be set
to appropriate values.

Note that the oxide film 1115 also functions as a film which
relieves damage to the oxide semiconductor film 111« at the
time of forming the insulating film 114 or the insulating film
116 later. The thickness of the oxide film 1115 is greater than
or equal to 3 nm and less than or equal to 100 nm, preferably
greater than or equal to 3 nm and less than or equal to 50 nm.

When silicon or carbon which is one of elements belonging
to Group 14 is contained in the oxide semiconductor film
111a, the number of oxygen vacancies is increased, and the
oxide semiconductor film 111a is changed to an n-type. Thus,
the concentration of silicon or carbon (the concentration is
measured by SIMS) in the oxide semiconductor film 1114 or
the concentration of silicon or carbon (the concentration is
measured by SIMS) in the vicinity of the interface between
the oxide film 1115 and the oxide semiconductor film 111a is
set to be lower than or equal to 2x10atoms/cm>, preferably
lower than or equal to 2x10'7 atoms/cm®.

Further, the concentration of alkali metal or alkaline earth
metal of the oxide semiconductor film 1114, which is mea-
sured by SIMS, is lower than or equal to 1x10*® atoms/cm?,
preferably lower than or equal to 2x10'¢ atoms/cm>. Alkali
metal and alkaline earth metal might generate carriers when
bonded to an oxide semiconductor, in which case the off-state
current of the transistor might be increased. Therefore, it is
preferable to reduce the concentration of alkali metal or alka-
line earth metal of the oxide semiconductor film 111a.

Further, when nitrogen is contained in the oxide semicon-
ductor film 1114, electrons serving as carriers are generated
to increase the carrier density, so that the oxide semiconduc-
tor film 111a easily becomes n-type. Thus, a transistor includ-
ing an oxide semiconductor which contains nitrogen is likely
to be normally on. For this reason, nitrogen in the oxide
semiconductor film 111« is preferably reduced as much as
possible; the concentration of nitrogen which is measured by
SIMS is preferably set to, for example, lower than or equal to
5x10'® atoms/cm”.

Note that the oxide semiconductor film 1114 and the oxide
film 1115 are not formed by simply stacking each layer, but
are formed to form a continuous junction (here, in particular,
a structure in which the energy of the bottom of the conduc-
tion band is changed continuously between each film). In
other words, a stacked-layer structure in which there exist no
impurity which forms a defect level such as a trap centeror a
recombination center at each interface is provided. If an
impurity exists between the oxide semiconductor film 111a
and the oxide film 1115 which are stacked, a continuity of the
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energy band is damaged, and the carrier is captured or recom-
bined at the interface and then disappears.

To form the continuous junction, each film needs to be
stacked successively without exposure to the atmosphere
using a multi-chamber deposition apparatus (sputtering appa-
ratus) including a load lock chamber. Each chamber in the
sputtering apparatus is preferably subjected to high vacuum
evacuation (to a vacuum of about 5x10~7 Pa to 1x10™* Pa)
with use of a suction vacuum evacuation pump such as a
cryopump so that water or the like, which is an impurity for
the oxide semiconductor film, is removed as much as pos-
sible. Alternatively, a turbo-molecular pump is preferably
used in combination with a cold trap to prevent backflow of
gas, especially a gas containing carbon or hydrogen into the
chamber through an evacuation system.

Here, a band structure of the stacked-layer structure
included in the transistor 150 is described with reference to
FIG. 10B.

FIG. 10B schematically shows a part of the band structure
included in the transistor 150. Here, the case where silicon
oxide films are provided as the insulating film 107 and the
insulating film 114 is shown. In FIG. 10B, EcI1 denotes the
energy of the bottom of the conduction band in the silicon
oxide layer used as the insulating film 107; EcS1 denotes the
energy of the bottom of the conduction band in the oxide
semiconductor film 111a; EcS2 denotes the energy of the
bottom of the conduction band in the oxide film 1115; and
EcI2 denotes the energy of the bottom of the conduction band
in the silicon oxide film used as the insulating film 114.

As shown in FIG. 10B, there is no energy barrier between
the oxide semiconductor film 111a and the oxide film 1115,
and the energy level of the bottom of the conduction band
gradually changes therebetween. In other words, the energy
level of the bottom of the conduction band is continuously
changed. This is because the oxide semiconductor film 111a
contains an element contained in the oxide film 1115 and
oxygen is transferred between the oxide semiconductor film
111a and the oxide film 1115, so that a mixed layer is formed.

As shown in FIG. 10B, the oxide semiconductor film 111a
serves as a well and a channel region is formed in the oxide
semiconductor film 111a. Note that since the energies of the
bottom of the conduction band of the oxide semiconductor
film 111a and the oxide film 1114 are continuously changed,
it can be said that the oxide semiconductor film 1114 and the
oxide film 1115 have a continuous junction.

Although trap states due to defects or impurities such as
silicon or carbon, which is a constituent element of the insu-
lating film 114, might be formed in the vicinity of the inter-
face between the oxide film 1115 and the insulating film 114
as shown in FIG. 10B, the oxide semiconductor film 111a can
be distanced from the trap states owing to existence of the
oxide film 1115. However, when the energy difference
between EcS1 and EcS2 is small, an electron in the oxide
semiconductor film 111a might reach the trap state by passing
over the energy difference. When the electron is captured by
the trap state, negative fixed electric charge is generated at the
interface with the insulating film, so that the threshold voltage
of'the transistor shifts in the positive direction. Therefore, it is
preferable that the energy difference between EcS1 and EcS2
be 0.1 eV or more, further preferably 0.15 eV or more because
achange in the threshold voltage of the transistor is prevented
and stable electrical characteristics are obtained.

This embodiment can be combined with any of the other
embodiments in this specification as appropriate.
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Embodiment 4

In this embodiment, a structure of a transistor that can be
used in a semiconductor device of one embodiment of the
present invention is described with reference to FIGS. 11A to
11C.

FIGS. 11A to 11C are a top view and cross-sectional views
of a transistor 151 included in a semiconductor device. FIG.
11A is a top view of the transistor 151, FIG. 11B is a cross-
sectional view taken along dashed-dotted line A-B in FIG.
11A, and FIG. 11C is a cross-sectional view taken along
dashed-dotted line C-D in FIG. 11A. Note that in FIG. 11A,
some components are not illustrated for clarity.

The transistor 151 illustrated in FIGS. 11B and 11C is a
channel-etched transistor and includes the gate electrode
104a provided over the substrate 102, the first insulating film
108 that includes the insulating films 106 and 107 and is
formed over the substrate 102 and the gate electrode 104a, the
oxide semiconductor film 110 overlapping with the gate elec-
trode 104a with the first insulating film 108 provided ther-
ebetween, and the source electrode 1124 and the drain elec-
trode 1125 in contact with the oxide semiconductor film 110.
In addition, over the first insulating film 108, the oxide semi-
conductor film 110, the source electrode 1124, and the drain
electrode 1125, the second insulating film 120 including the
insulating films 114, 116, and 118 and a gate electrode 122¢
formed over the second insulating film 120 are provided. The
gate electrode 122c¢ is connected to the gate electrode 1044 in
openings 1424 and 142e provided in the first insulating film
108 and the second insulating film 120.

Note that the first insulating film 108 serves as a first gate
insulating film of the transistor 151, and the second insulating
film 120 serves as a second gate insulating film of the tran-
sistor 151. Furthermore, the conductive film 1224 serves as a
pixel electrode.

In the transistor 151 of one embodiment of the present
invention, the oxide semiconductor film 110 is provided
between the gate electrode 104a and the gate electrode 122¢
with the first insulating film 108 provided between the gate
electrode 104a and the oxide semiconductor film 110 and
with the second insulating film 120 provided between the gate
electrode 122¢ and the oxide semiconductor film 110. In
addition, as illustrated in FIG. 11A, the gate electrode 104a
overlaps with side surfaces of the oxide semiconductor film
110 with the first insulating film 108 provided therebetween,
when seen from the above.

A plurality of openings is provided in the first insulating
film 108 and the second insulating film 120. Typically, as
illustrated in FIG. 11B, an opening 142a through which part
of the drain electrode 1254 is exposed is provided. Further-
more, in the channel width direction, the openings 1424 and
142¢ are provided with the oxide semiconductor film 110
provided therebetween as illustrated in FIG. 11C. In other
words, the openings 1424 and 142¢ are provided on outer
sides of the side surfaces of the oxide semiconductor film 110.
In the opening 142a, the drain electrode 1125 is connected to
the conductive film 1224. In addition, in the openings 1424
and 142e, the gate electrode 1044 is connected to the gate
electrode 122¢. This means that the gate electrode 1044 and
the gate electrode 122¢ surround the oxide semiconductor
film 110 in the channel width direction with the first insulat-
ing film 108 and the second insulating film 120 provided
between the oxide semiconductor film 110 and each of the
gate electrode 1044 and the gate electrode 122¢. Furthermore,
the gate electrode 122¢ on the side surfaces of the openings
1424 and 142¢ faces the side surfaces of the oxide semicon-
ductor film 110.
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The gate electrode 104a and the gate electrode 122¢ are
included, the same potential is applied to the gate electrode
104a and the gate electrode 122¢, the side surface of the oxide
semiconductor film 110 faces the gate electrode 122¢, and the
gate electrode 104a and the gate electrode 122¢ surround the
oxide semiconductor film 110 in the channel width direction
with the first insulating film 108 and the second insulating
film 120 provided between the oxide semiconductor film 110
and each of the gate electrode 104a and the gate electrode
122¢; thus, carriers flow not only at the interfaces between the
oxide semiconductor film 110 and each of the first insulating
film 108 and the second insulating film 120 but also in a wide
region in the oxide semiconductor film 110, which results in
an increase in the amount of carriers that move in the transis-
tor 151.

As a result, the on-state current of the transistor 151 is
increased, and the field-effect mobility is increased to greater
than or equal to 10 cm?/V"s or to greater than or equal to 20
cm?/V's, for example. Note that here, the field-effect mobility
is not an approximate value of the mobility as the physical
property of the oxide semiconductor film but is an index of
current drive capability and the apparent field-effect mobility
of'a saturation region of the transistor. Note that an increase in
field-effect mobility becomes significant when the channel
length (also referred to as L length) of the transistor is longer
than or equal to 0.5 m and shorter than or equal to 6.5 um,
preferably longer than 1 um and shorter than 6 pm, further
preferably longer than 1 um and shorter than or equal to 4 um,
still further preferably longer than 1 um and shorter than or
equal to 3.5 um, yet still further preferably longer than 1 um
and shorter than or equal to 2.5 pm. Furthermore, with a short
channel length longer than or equal to 0.5 pm and shorter than
or equal to 6.5 pum, the channel width can also be short.

Thus, even if a plurality of regions to be connection por-
tions between the gate electrode 1044 and the gate electrode
122¢ is provided, the area of the transistor 151 can be reduced.

Defects are formed at the end portion of the oxide semi-
conductor film 110, which is processed by etching or the like,
because of damage due to the processing, and the end portion
is polluted by attachment of impurities or the like. For this
reason, in the case where only one of the gate electrode 104a
and the gate electrode 122¢ is formed in the transistor 151,
even when the oxide semiconductor film 110 is intrinsic or
substantially intrinsic, the end portion of the oxide semicon-
ductor film 110 are easily activated to be an n-type region (a
low-resistance region) by application of stress such as an
electric field.

In the case where the n-type end portions overlap with
regions between the source electrode 112a and the drain
electrode 1125, the n-type regions serve as carrier paths,
resulting in formation of a parasitic channel. As a result, drain
current with respect to the threshold voltage is gradually
increased, so that the threshold voltage of the transistor shifts
in the negative direction. However, as illustrated in FIG. 11C,
the gate electrode 1044 and the gate electrode 122¢ having the
same potentials are included and the gate electrode 122¢ faces
the side surfaces of the oxide semiconductor film 110 in the
channel width direction at the side surfaces of the second
insulating film 120, whereby an electric field from the gate
electrode 122c¢ affects the oxide semiconductor film 110 also
from the side surfaces of the oxide semiconductor film 110.
As a result, a parasitic channel is prevented from being gen-
erated at the side surface of the oxide semiconductor film 110
or the end portion including the side surface and its vicinity.
Thus, the transistor having favorable electrical characteristics
of'a sharp increase in drain current with respect to the thresh-
old voltage is obtained.
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By including the gate electrode 1044 and the gate electrode
122¢, each of which has a function of blocking an external
electric field; thus, charges such as a charged particle between
the substrate 102 and the gate electrode 104a and over the gate
electrode 122¢ do not affect the oxide semiconductor film
110. Thus, degradation due to a stress test (e.g., a negative
gate bias temperature (-GBT) stress test in which a negative
potential is applied to a gate electrode) can be reduced, and
changes in the rising voltages of on-state current at different
drain voltages can be suppressed.

The BT stress test is one kind of accelerated test and can
evaluate, in a short time, change in characteristics (i.e., a
change over time) of transistors, which is caused by long-
term use. In particular, the amount of change in the threshold
voltage of the transistor between before and after the BT
stress test is an important indicator when examining the reli-
ability of the transistor. As the amount of change in the thresh-
old voltage between before and after the BT stress test is
small, the transistor has higher reliability.

A method for manufacturing the transistor 151 is described
below.

The openings 1424 and 142¢ in FIGS. 11B and 11C can be
formed in the same step as the opening 1424, that is, can be
formed at the same time as the opening 142a. The gate elec-
trode 122¢ can be formed in the same step as the conductive
film 122a serving as a pixel electrode, that is, can be formed
at the same time as the conductive film 1224.

Formation steps other than the steps of forming the open-
ings 142d and 142¢ and the gate electrode 122¢ are similar to
those of the transistor 150 in Embodiment 1; thus, the forma-
tion steps are not described here.

Through the above steps, a semiconductor device which
includes a transistor having an oxide semiconductor film can
have favorable electrical characteristics. Furthermore, the
semiconductor device which includes the transistor having
the oxide semiconductor film can have high reliability.

Note that the structures, methods, and the like described in
this embodiment can be used as appropriate in combination
with any of the structures, methods, and the like described in
the other embodiments.

Embodiment 5

Inthis embodiment, an example of an oxide semiconductor
film that can be used in the transistor 150 in Embodiment 1 is
described.
<Crystallinity of Oxide Semiconductor Film>

A structure of an oxide semiconductor film is described
below.

An oxide semiconductor film is classified roughly into a
non-single-crystal oxide semiconductor film and a single
crystal oxide semiconductor film. The non-single-crystal
oxide semiconductor film includes any of a c-axis aligned
crystalline oxide semiconductor (CAAC-OS) film, a poly-
crystalline oxide semiconductor film, a microcrystalline
oxide semiconductor film, an amorphous oxide semiconduc-
tor film, and the like.

First, a CAAC-OS film is described.

The CAAC-OS film is one of oxide semiconductor films
including a plurality of crystal parts, and most of the crystal
parts each fit inside a cube whose one side is less than 100 nm.
Thus, there is a case where a crystal part included in the
CAAC-OS film fits inside a cube whose one side is less than
10 nm, less than 5 nm, or less than 3 nm.

In a transmission electron microscope (TEM) image of the
CAAC-O0S film, a boundary between crystal parts, that is, a
grain boundary is not clearly observed. Thus, in the CAAC-
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OS film, a reduction in electron mobility due to the grain
boundary is less likely to occur.

According to a TEM image of the CAAC-OS film observed
in a direction substantially parallel to a sample surface (cross-
sectional TEM image), metal atoms are arranged in a layered
manner in the crystal parts. Each metal atom layer has a
morphology reflected by a surface where the CAAC-OS film
is formed (hereinafter, a surface where the CAAC-OS film is
formed is also referred to as a formation surface) or a top
surface of the CAAC-OS film, and is arranged in parallel to
the formation surface or the top surface of the CAAC-OS
film.

Note that in this specification, the term “parallel” indicates
that the angle formed between two straight lines is greater
than or equal to -10° and less than or equal to 10°, and
accordingly also includes the case where the angle is greater
than or equal to -5° and less than or equal to 5°. In addition,
the term “perpendicular” indicates that the angle formed
between two straight lines is greater than or equal to 80° and
less than or equal to 100°, and accordingly also includes the
case where the angle is greater than or equal to 85° and less
than or equal to 95°.

On the other hand, according to a TEM image of the
CAAC-OS film observed in a direction substantially perpen-
dicular to the sample surface (plan TEM image), metal atoms
are arranged in a triangular or hexagonal configuration in the
crystal parts. However, there is no regularity of arrangement
of metal atoms between different crystal parts.

From the results of the cross-sectional TEM image and the
plan TEM image, alignment is found in the crystal parts in the
CAAC-OS film.

A CAAC-OS film is subjected to structural analysis with an
X-ray diffraction (XRD) apparatus. For example, when the
CAAC-OS film including an InGaZnO,, crystal is analyzed by
an out-of-plane method, a peak appears frequently when the
diffraction angle (26) is around 31°. This peak is derived from
the (009) plane of the InGaZnO, crystal, which indicates that
crystals in the CAAC-OS film have c-axis alignment, and that
the c-axes are aligned in a direction substantially perpendicu-
lar to the formation surface or the top surface of the CAAC-
OS film.

On the other hand, when the CAAC-OS film is analyzed by
an in-plane method in which an X-ray enters a sample in a
direction substantially perpendicular to the c-axis, a peak
appears frequently when 20 is around 56°. This peak is
derived from the (110) plane of the InGaZnO, crystal. Here,
analysis (¢ scan) is performed under conditions where the
sample is rotated around a normal vector of a sample surface
as an axis (¢ axis) with 20 fixed at around 56°. In the case
where the sample is a single crystal oxide semiconductor film
of InGaZnO,, six peaks appear. The six peaks are derived
from crystal planes equivalent to the (110) plane. On the other
hand, in the case of a CAAC-OS film, a peak is not clearly
observed even when ¢ scan is performed with 20 fixed at
around 56°.

According to the above results, in the CAAC-OS film hav-
ing c-axis alignment, while the directions of a-axes and
b-axes are different between crystal parts, the c-axes are
aligned in a direction parallel to a normal vector of a forma-
tion surface or a normal vector of a top surface. Thus, each
metal atom layer arranged in a layered manner observed in the
cross-sectional TEM image corresponds to a plane parallel to
the a-b plane of the crystal.

Note that the crystal part is formed concurrently with depo-
sition of the CAAC-OS film or is formed through crystalliza-
tion treatment such as heat treatment. As described above, the
c-axis of the crystal is aligned in a direction parallel to a
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normal vector of a formation surface or a normal vector of a
top surface of the CAAC-OS film. Thus, for example, in the
case where a shape of the CAAC-OS film is changed by
etching or the like, the c-axis might not be necessarily parallel
to a normal vector of a formation surface or a normal vector of
a top surface of the CAAC-OS film.

Further, the degree of crystallinity in the CAAC-OS film is
not necessarily uniform. For example, in the case where crys-
tal growth leading to the CAAC-OS film occurs from the
vicinity of the top surface of the film, the degree of the
crystallinity in the vicinity of the top surface is higher than
that in the vicinity of the formation surface in some cases.
Further, when an impurity is added to the CAAC-OS film, the
crystallinity in a region to which the impurity is added is
changed, and the degree of crystallinity in the CAAC-OS film
varies depending on regions.

Note that when the CAAC-OS film with an InGaZnO,
crystal is analyzed by an out-of-plane method, a peak of 20
may also be observed at around 36°, in addition to the peak of
20 at around 31°. The peak of 20 at around 36° indicates that
a crystal having no c-axis alignment is included in part of the
CAAC-OS film. It is preferable that in the CAAC-OS film, a
peak of 26 appear at around 31° and a peak of 26 do not appear
at around 36°.

In this specification, the trigonal and rhombohedral crystal
systems are included in the hexagonal crystal system.

The CAAC-OS film is an oxide semiconductor film with a
low impurity concentration. The impurity is an element other
than the main components of the oxide semiconductor film,
such as hydrogen, carbon, silicon, or a transition metal ele-
ment. In particular, an element that has higher bonding
strength to oxygen than a metal element included in the oxide
semiconductor film, such as silicon, disturbs the atomic
arrangement of the oxide semiconductor film by depriving the
oxide semiconductor film of oxygen and causes a decrease in
crystallinity. Further, a heavy metal such as iron or nickel,
argon, carbon dioxide, or the like has a large atomic radius
(molecular radius), and thus disturbs the atomic arrangement
of the oxide semiconductor film and causes a decrease in
crystallinity when it is contained in the oxide semiconductor
film. Note that the impurity contained in the oxide semicon-
ductor film might serve as a carrier trap or a carrier generation
source.

The CAAC-OS film is an oxide semiconductor film having
a low density of defect states.

With use of the CAAC-OS film in a transistor, a variation in
the electrical characteristics of the transistor due to irradiation
with visible light or ultraviolet light is small.

Next, a microcrystalline oxide semiconductor film is
described.

In an image obtained with the TEM, crystal parts cannot be
found clearly in the microcrystalline oxide semiconductor
film in some cases. In most cases, the size of a crystal part in
the microcrystalline oxide semiconductor film is greater than
or equal to 1 nm and less than or equal to 100 nm, or greater
than or equal to 1 nm and less than or equal to 10 nm. A
microcrystal with a size greater than or equal to 1 nm and less
than or equal to 10 nm, or a size greater than or equal to 1 nm
and less than or equal to 3 nm, is specifically referred to as
nanocrystal (nc). An oxide semiconductor film including
nanocrystal is referred to as an nc-OS (nanocrystalline oxide
semiconductor) film. In an image of the nc-OS film which is
obtained with the TEM, for example, a boundary is not clearly
detected in some cases.

In the nc-OS film, a microscopic region (for example, a
region with a size greater than or equal to 1 nm and less than
or equal to 10 nm, in particular, a region with a size greater
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than or equal to 1 nm and less than or equal to 3 nm) has a
periodic atomic order. There is no regularity of crystal orien-
tation between different crystal parts in the nc-OS film. Thus,
the orientation of the whole film is not observed. Accordingly,
in some cases, the nc-OS film cannot be distinguished from an
amorphous oxide semiconductor film depending on an analy-
sis method. For example, when the nc-OS film is subjected to
structural analysis by an out-of-plane method with an XRD
apparatus using an X-ray having a diameter larger than the
size of a crystal part, a peak which shows a crystal plane does
not appear. Further, a diffraction pattern like a halo pattern
appears in a selected-area electron diffraction pattern of the
nc-OS film which is obtained by using an electron beam
having a probe diameter (e.g., larger than or equal to 50 nm)
larger than the size of a crystal part. Meanwhile, spots are
observed in an electron diffraction pattern of the nc-OS film
obtained by using an electron beam having a probe diameter
(e.g., larger than or equal to 1 nm and smaller than or equal to
30 nm) close to or smaller than the size of a crystal part.
Further, in a nanobeam electron diffraction pattern of the
nc-OS film, for example, bright regions in a circular (or
ring-shaped) pattern are shown in some cases. Also in a nano-
beam electron diffraction pattern of the nc-OS film, a plural-
ity of spots are shown in a ring-like region in some cases.

The nc-OS film is an oxide semiconductor film that has
high regularity as compared to an amorphous oxide semicon-
ductor film. Therefore, the nc-OS film has a lower density of
defect states than an amorphous oxide semiconductor film.
Note that there is no regularity of crystal orientation between
different crystal parts in the nc-OS film. Therefore, the nc-OS
film has a higher density of defect states than the CAAC-OS
film.

Note that an oxide semiconductor film may be a stacked
film including two or more kinds of an amorphous oxide
semiconductor film, a microcrystalline oxide semiconductor
film, and a CAAC-OS film, for example.
<Method for Forming CAAC-OS Film>

For example, a CAAC-OS film is deposited by a sputtering
method using a polycrystalline oxide semiconductor sputter-
ing target. When ions collide with the sputtering target, a
crystal region included in the sputtering target may be sepa-
rated from the target along an a-b plane; in other words, a
sputtered particle having a plane parallel to an a-b plane
(flat-plate-like sputtered particle or pellet-like sputtered par-
ticle) may flake off from the sputtering target. In that case, the
flat-plate-like or pellet-like sputtered particle reaches a sub-
strate while maintaining its crystal state, whereby the CAAC-
OS film can be formed.

The flat-plate-like or pellet-like sputtered particle has, for
example, an equivalent circle diameter of a plane parallel to
the a-b plane of greater than or equal to 3 nm and less than or
equal to 10 nm, and a thickness (length in the direction per-
pendicular to the a-b plane) of greater than or equal to 0.7 nm
and less than 1 nm. Note that in the flat-plate-like or pellet-
like sputtered particle, the plane parallel to the a-b plane may
be a regular triangle or a regular hexagon. Here, the term
“equivalent circle diameter of a plane” refers to the diameter
of a perfect circle having the same area as the plane.

For the deposition of the CAAC-OS film, the following
conditions are preferably used.

By increasing the substrate temperature during the depo-
sition, migration of a sputtered particle is likely to occur after
the sputtered particle reaches a substrate surface. Specifically,
the substrate temperature during the deposition is higher than
or equal to 100° C. and lower than or equal to 740° C.,
preferably higher than or equal to 200° C. and lower than or
equal to 500° C. By increasing the substrate temperature
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during the deposition, when the flat-plate-like or pellet-like
sputtered particle reaches the substrate, migration occurs on
the substrate surface, so that a flat plane of the sputtered
particle is attached to the substrate. At this time, the sputtered
particles are positively charged, thereby being attached to the
substrate while repelling each other; thus, the sputtered par-
ticles are not stacked unevenly, so that a CAAC-OS film with
a uniform thickness can be deposited.

By reducing the amount of impurities entering the CAAC-
OS film during the deposition, the crystal state can be pre-
vented from being broken by the impurities. For example, the
concentration of impurities (e.g., hydrogen, water, carbon
dioxide, or nitrogen) which exist in a deposition chamber may
be reduced. Furthermore, the concentration of impurities in a
deposition gas may be reduced. Specifically, a deposition gas
whose dew point is —80° C. or lower, preferably —100° C. or
lower is used.

Furthermore, preferably, the proportion of oxygen in the
deposition gas is increased and the power is optimized in
order to reduce plasma damage at the deposition. The propor-
tion of oxygen in the deposition gas is 30 vol % or higher,
preferably 100 vol %.

Alternatively, the CAAC-OS film is formed by the follow-
ing method.

First, a first oxide semiconductor film is formed to a thick-
ness of greater than or equal to 1 nm and less than 10 nm. The
first oxide semiconductor film is formed by a sputtering
method. Specifically, the substrate temperature is set to
higher than or equal to 100° C. and lower than or equal to 500°
C., preferably higher than or equal to 150° C. and lower than
or equal to 450° C., and the proportion of oxygen in a depo-
sition gas is set to higher than or equal to 30 vol %, preferably
100 vol %.

Next, heat treatment is performed so that the first oxide
semiconductor film becomes a first CAAC-OS film with high
crystallinity. The temperature of the heat treatment is higher
than or equal to 350° C. and lower than or equal to 740° C.,
preferably higher than or equal to 450° C. and lower than or
equal to 650° C. Further, the heat treatment is performed for
1 minute to 24 hours, preferably 6 minutes to 4 hours. The
heat treatment may be performed in an inert atmosphere or an
oxidation atmosphere. It is preferable to perform heat treat-
ment in an inert atmosphere and then perform heat treatment
in an oxidation atmosphere. The heat treatment in an inert
atmosphere can reduce the concentration of impurities in the
first oxide semiconductor film in a short time. At the same
time, the heat treatment in an inert atmosphere may generate
oxygen vacancies in the first oxide semiconductor film. In
such a case, the heat treatment in an oxidation atmosphere can
reduce the oxygen vacancies. Note that the heat treatment
may be performed under a reduced pressure, such as 1000 Pa
or lower, 100 Pa or lower, 10 Pa orlower, or 1 Paor lower. The
heat treatment under the reduced pressure can reduce the
concentration of impurities in the first oxide semiconductor
film in a shorter time.

The first oxide semiconductor film with a thickness of
greater than or equal to 1 nm and less than 10 nm can be easily
crystallized by heat treatment as compared to the case where
the first oxide semiconductor film has a thickness of greater
than or equal to 10 nm.

Next, a second oxide semiconductor film having the same
composition as the first oxide semiconductor film is formed to
a thickness of greater than or equal to 10 nm and less than or
equal to 50 nm. The second oxide semiconductor film is
formed by a sputtering method. Specifically, the substrate
temperature is set to higher than or equal to 100° C. and lower
than or equal to 500° C., preferably higher than or equal to
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150° C. and lower than or equal to 450° C., and the proportion
of oxygen in a deposition gas is set to higher than or equal to
30 vol %, preferably 100 vol %.

Next, heat treatment is performed so that solid phase
growth of the second oxide semiconductor film from the first
CAAC-OS film occurs, whereby the second oxide semicon-
ductor film is turned into a second CAAC-OS film having
high crystallinity. The temperature of the heat treatment is
higher than or equal to 350° C. and lower than or equal to 740°
C., preferably higher than or equal to 450° C. and lower than
or equal to 650° C. Further, the heat treatment is performed
for 1 minute to 24 hours, preferably 6 minutes to 4 hours. The
heat treatment may be performed in an inert atmosphere or an
oxidation atmosphere. It is preferable to perform heat treat-
ment in an inert atmosphere and then perform heat treatment
in an oxidation atmosphere. The heat treatment in an inert
atmosphere can reduce the concentration of impurities in the
second oxide semiconductor film in a short time. At the same
time, the heat treatment in an inert atmosphere may generate
oxygen vacancies in the second oxide semiconductor film. In
such a case, the heat treatment in an oxidation atmosphere can
reduce the oxygen vacancies. Note that the heat treatment
may be performed under a reduced pressure, such as 1000 Pa
or lower, 100 Paor lower, 10 Pa or lower, or 1 Pa or lower. The
heat treatment under the reduced pressure can reduce the
concentration of impurities in the second oxide semiconduc-
tor film in a shorter time.

In the above-described manner, a CAAC-OS film having a
total thickness of 10 nm or more can be formed. The CAAC-
OS film can be favorably used as the oxide semiconductor
film in an oxide stack.

Next, a method for forming an oxide film in the case where
aformation surface has a low temperature (e.g., a temperature
lower than 130° C., lower than 100° C., or lower than 70° C.,
or about a room temperature (20° C. to 25° C.)) because, for
example, the substrate is not heated is described.

In the case where the formation surface has a low tempera-
ture, sputtered particles fall irregularly to the formation sur-
face. For example, migration does not occur; therefore, the
sputtered particles are randomly deposited on the formation
surface including a region where other sputtered particles
have been deposited. That is, an oxide film obtained by the
deposition might have a non-uniform thickness and a disor-
dered crystal alignment. The oxide film obtained in the above
manner maintains the crystallinity of the sputtered particles to
a certain degree and thus has a crystal part (nanocrystal).

For example, in the case where the pressure at the deposi-
tion is high, the frequency with which the flying sputtered
particle collides with another particle (e.g., an atom, a mol-
ecule, an ion, or a radical) of argon or the like is increased.
When the flying sputtered particle collides with another par-
ticle (or is resputtered), the crystal structure of the sputtered
particle might be broken. For example, when the sputtered
particle collides with another particle, the flat-plate-like or
pellet-like shape of the sputtered particle cannot be kept, and
the sputtered particle might be broken into parts (e.g., atom-
ized). At this time, when atoms obtained from the sputtered
particle are deposited on the formation surface, an amorphous
oxide semiconductor film might be formed.

In the case where not a sputtering method using a target
including polycrystalline oxide but a deposition method
using liquid or a method for depositing a film by vaporizing a
solid such as a target is used, the atoms separately fly and are
deposited to the formation surface; therefore, an amorphous
oxide film might be formed. Further, for example, by a laser
ablation method, atoms, molecules, ions, radials, clusters, or
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the like released from the target fly and are deposited to the
formation surface; therefore, an amorphous oxide film might
be formed.

An oxide semiconductor film included in a resistor and a
transistor in one embodiment of the present invention may
have any of the above crystal states. Further, in the case of
stacked oxide semiconductor films, the crystal states of the
oxide semiconductor films may be different from each other.
Note that a CAAC-OS film is preferably applied to the oxide
semiconductor film functioning as a channel of the transistor.
Further, the oxide semiconductor film included in the resistor
has a higher impurity concentration than that of the oxide
semiconductor film included in the transistor; thus, the crys-
tallinity is lowered in some cases.

The structures, methods, and the like described in this
embodiment can be used as appropriate in combination with
any of the structures, methods, and the like described in the
other embodiments.

Embodiment 6

In this embodiment, an example in which a semiconductor
device of one embodiment of the present invention is used in
adisplay device will be described with reference to drawings.
Note that portions similar to those in the above embodiments
and portions having functions similar to those in the above
embodiments are given the same reference numerals, and
detailed descriptions thereof are omitted.

FIG. 12A illustrates an example of a display device. The
display device in FIG. 12A includes a pixel portion 200, a
scan line driver circuit 204, a signal line driver circuit 206, m
scan lines 207 that are arranged in parallel or substantially in
parallel and whose potentials are controlled by the scan line
driver circuit 204, and n signal lines 209 that are arranged in
parallel or substantially in parallel and whose potentials are
controlled by the signal line driver circuit 206. The pixel
portion 200 includes a plurality of pixels 301 arranged in a
matrix. Capacitor lines 215 that are arranged in parallel or
substantially in parallel to the scan lines 207 are also pro-
vided. The capacitor lines 215 may be arranged in parallel or
substantially in parallel to the signal lines 209. The scan line
driver circuit 204 and the signal line driver circuit 206 may be
collectively referred to as a driver circuit portion.

Each scan line 207 is electrically connected to the n pixels
301 in the corresponding row among the pixels 202 arranged
in m rows and n columns in the pixel portion 200. Each signal
line 209 is electrically connected to the m pixels 301 in the
corresponding column among the pixels 301 arranged in m
rows and n columns. Note that m and n are each an integer of
1 or more. Each capacitor line 215 is electrically connected to
the n pixels 301 in the corresponding row among the pixels
301 arranged in m rows and n columns. Note that in the case
where the capacitor lines 215 are arranged in parallel or
substantially in parallel along the signal lines 209, each
capacitor line 215 is electrically connected to the m pixels 301
in the corresponding column among the pixels 301 arranged
in m rows and n columns.

The semiconductor device described in Embodiment 1 can
be used in the pixel 301, the scan line driver circuit 204, and
the signal line driver circuit 206 in FIG. 12A. In particular, a
connection portion between the scan line driver circuit 204
and the signal line driver circuit 206 preferably has a structure
including the connection portion 160 in Embodiment 1. Fur-
thermore, the pixel 301 preferably includes the transistor 150
and the capacitor 170 in Embodiment 2.

FIG. 12B illustrates a circuit configuration that can be used
forthe pixels 301 in the display device illustrated in FIG. 12A.
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The pixel 301 illustrated in FIG. 12B includes the liquid
crystal element 322, the transistor 150, and the capacitor 170.

The potential of one of a pair of electrodes of the liquid
crystal element 322 is set in accordance with the specifica-
tions of the pixel 301 as appropriate. The alignment state of
the liquid crystal element 322 depends on written data. A
common potential may be supplied to one of the pair of
electrodes of the liquid crystal element 322 included in each
of'the plurality of pixels 301. The potential supplied to one of
apair of electrodes of the liquid crystal element 322 in each of
the pixels 301 in one row may be different from the potential
supplied to one of a pair of electrodes of the liquid crystal
element 322 in each of the pixels 301 in another row.

The liquid crystal element 322 is an element that controls
transmission and non-transmission of light by the optical
modulation action of liquid crystal. Note that the optical
modulation action of a liquid crystal is controlled by an elec-
tric field applied to the liquid crystal (including a horizontal
electric field, a vertical electric field, and an oblique electric
field). Note that any of the following can be used for the liquid
crystal element 322: nematic liquid crystal, cholesteric liquid
crystal, smectic liquid crystal, discotic liquid crystal, thermo-
tropic liquid crystal, lyotropic liquid crystal, lyotropic liquid
crystal, low-molecular liquid crystal, high-molecular liquid
crystal, ferroelectric liquid crystal, anti-ferroelectric liquid
crystal, main-chain liquid crystal, side-chain high-molecular
liquid crystal, a banana-shaped liquid crystal, and the like.

Examples of a driving method of the display device includ-
ing the liquid crystal element 322 include a TN mode, an STN
mode, a VA mode, an axially symmetric aligned micro-cell
(ASM) mode, an optically compensated birefringence (OCB)
mode, a ferroelectric liquid crystal (FL.C) mode, an antifer-
roelectric liquid crystal (AFLC) mode, an MVA mode, a
patterned vertical alignment (PVA) mode, an IPS mode, an
FFS mode, and a transverse bend alignment (TBA) mode.
Other examples of the driving method of the display device
include an electrically controlled birefringence (ECB) mode,
a polymer dispersed liquid crystal (PDLC) mode, a polymer
network liquid crystal (PNLC) mode, and a guest-host mode.
Note that the present invention is not limited to them, and any
of'various liquid crystal elements and driving methods can be
used as a liquid crystal element and a driving method thereof.

The liquid crystal element may be formed using a liquid
crystal composition including liquid crystal exhibiting a blue
phase and a chiral material. The liquid crystal exhibiting a
blue phase has a short response time of 1 msec or less, and is
optically isotropic, which makes the alignment process
unneeded and the viewing angle dependence small.

In the pixel 301 illustrated in FIG. 12B, one of a source
electrode and a drain electrode of the transistor 150 is elec-
trically connected to the signal line 209, and the other is
electrically connected to the other of a pair of electrodes of the
liquid crystal element 322. A gate electrode of the transistor
150 is electrically connected to the scan line 207. The tran-
sistor 150 has a function of controlling whether to write a data
signal by being turned on or off.

In the structure ofthe pixel 301 illustrated in FIG. 12B, one
of a pair of electrodes of the capacitor 170 is electrically
connected to the capacitor line 215 to which a potential is
supplied, and the other is electrically connected to the other of
the pair of electrodes of the liquid crystal element 322. The
potential of the capacitor line 215 is set in accordance with the
specifications of the pixel 301 as appropriate. The capacitor
170 serves as a storage capacitor for storing written data.

For example, in the display device including the pixel 301
in FIG. 12B, the pixels 301 are sequentially selected row by
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row by the scan line driver circuit 204, whereby the transistors
150 are turned on and data of a data signal is written.

When the transistors 150 are turned off, the pixels 301 to
which the data has been written are brought into a holding
state. This operation is performed row by row sequentially;
thus, an image can be displayed.

The structures, methods, and the like described in this
embodiment can be used as appropriate in combination with
any of the structures, methods, and the like described in the
other embodiments.

Embodiment 7

In this embodiment, a display module and electronic
devices that can be formed using a semiconductor device of
one embodiment of the present invention are described with
reference to FIG. 13 and FIGS. 14A to 14H.

In a display module 8000 illustrated in FIG. 13, a touch
panel 8004 connected to an FPC 8003, a display panel 8006
connected to an FPC 8005, a backlight 8007, a frame 8009, a
printed board 8010, and a battery 8011 are provided between
an upper cover 8001 and a lower cover 8002.

The semiconductor device of one embodiment of the
present invention can be used for, for example, the display
panel 8006.

The shapes and sizes of the upper cover 8001 and the lower
cover 8002 can be changed as appropriate in accordance with
the sizes of the touch panel 8004 and the display panel 8006.

The touch panel 8004 can be a resistive touch panel or a
capacitive touch panel and can be formed to overlap with the
display panel 8006. A counter substrate (sealing substrate) of
the display panel 8006 can have a touch panel function. A
photosensor may be provided in each pixel of the display
panel 8006 to form an optical touch panel.

The backlight 8007 includes a light source 8008. The light
source 8008 may be provided at an end portion of the back-
light 8007 and a light diffusing plate may be used.

The frame 8009 protects the display panel 8006 and also
functions as an electromagnetic shield for blocking electro-
magnetic waves generated by the operation of the printed
board 8010. The frame 8009 may function as a radiator plate.

The printed board 8010 is provided with a power supply
circuit and a signal processing circuit for outputting a video
signal and a clock signal. As a power source for supplying
power to the power supply circuit, an external commercial
power source or a power source using the battery 8011 pro-
vided separately may be used. The battery 8011 can be omit-
ted in the case of using a commercial power source.

The display module 8000 may be additionally provided
with a member such as a polarizing plate, a retardation plate,
or a prism sheet.

FIGS. 14 A to 14H illustrate electronic devices. These elec-
tronic devices can include a housing 5000, a display portion
5001, a speaker 5003, an LED lamp 5004, operation keys
5005 (including a power switch or an operation switch), a
connection terminal 5006, a sensor 5007 (a sensor having a
function of measuring or sensing force, displacement, posi-
tion, speed, acceleration, angular velocity, rotational fre-
quency, distance, light, liquid, magnetism, temperature,
chemical substance, sound, time, hardness, electric field, cur-
rent, voltage, electric power, radiation, flow rate, humidity,
gradient, oscillation, odor, or infrared ray), a microphone
5008, and the like.

FIG. 14A illustrates a mobile computer that can include a
switch 5009, an infrared port 5010, and the like in addition to
the above components. FIG. 14B illustrates a portable image
reproducing device (e.g., a DVD player) that is provided with
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a memory medium and can include a second display portion
5002, a memory medium reading portion 5011, and the like in
addition to the above components. FIG. 14C illustrates a
goggle-type display that can include the second display por-
tion 5002, a support 5012, an earphone 5013, and the like in
addition to the above components. FIG. 14D illustrates a
portable game machine that can include the memory medium
reading portion 5011 and the like in addition to the above
components. FIG. 14E illustrates a digital camera that has a
television reception function and can include an antenna
5014, a shutter button 5015, an image receiving portion 5016,
and the like in addition to the above components. FIG. 14F
illustrates a portable game machine that can include the sec-
ond display portion 5002, the memory medium reading por-
tion 5011, and the like in addition to the above components.
FIG. 14G illustrates a television receiver that can include a
tuner, an image processing portion, and the like in addition to
the above components. FIG. 14H illustrates a portable tele-
vision receiver that can include a charger 5017 capable of
transmitting and receiving signals, and the like in addition to
the above components.

The electronic devices illustrated in FIGS. 14A to 14H can
have a variety of functions, for example, a function of dis-
playing a variety of data (a still image, a moving image, a text
image, and the like) on the display portion, a touch panel
function, a function of displaying a calendar, date, time, and
the like, a function of controlling a process with a variety of
software (programs), a wireless communication function, a
function of being connected to a variety of computer net-
works with a wireless communication function, a function of
transmitting and receiving a variety of data with a wireless
communication function, a function of reading a program or
data stored in a memory medium and displaying the program
or data on the display portion, and the like. Further, the
electronic device including a plurality of display portions can
have a function of displaying image data mainly on one
display portion while displaying text data on another display
portion, a function of displaying a three-dimensional image
by displaying images on a plurality of display portions with a
parallax taken into account, or the like. Furthermore, the
electronic device including an image receiving portion can
have a function of shooting a still image, a function of taking
a moving image, a function of automatically or manually
correcting a shot image, a function of storing a shot image in
a memory medium (an external memory medium or a
memory medium incorporated in the camera), a function of
displaying a shot image on the display portion, or the like.
Note that functions that can be provided for the electronic
devices illustrated in FIGS. 14A to 14H are not limited to
those described above, and the electronic devices can have a
variety of functions.

The structures described in this embodiment can be used as
appropriate in combination with any of the structures
described in the other embodiments.

Example

In this example, as a semiconductor device of one embodi-
ment of the present invention. Sample 1 was manufactured
and the cross section was evaluated. In addition, as a com-
parative semiconductor device, Sample 2 was manufactured
and the cross section was observed. First, Sample 1 and
Sample 2 are described below.

The cross-sectional views of Sample 1 and Sample 2 are
illustrated in FIG. 19A and FIG. 19B, respectively.
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(Sample 1)

A semiconductor device in FIG. 19A includes a transistor
550 and a connection portion 560.

The transistor 550 includes a gate electrode 504a over a
substrate 502, a first insulating film 508 formed over the gate
electrode 504a, an oxide semiconductor film 510 formed in a
position over the first insulating film 508 and overlapping
with the gate electrode 5044, and a source electrode 512a and
a drain electrode 5125 that are electrically connected to the
oxide semiconductor film 510.

The first insulating film 508 was formed to include an
insulating film 506 and an insulating film 507.

In addition, over the transistor 550, specifically over the
oxide semiconductor film 510, the source electrode 5124, and
the drain electrode 5125, a second insulating film 520 was
formed. The second insulating film 520 has a three-layer
structure of insulating films 514, 516, and 518.

Moreover, an opening 542a reaching the drain electrode
51256 was formed in the second insulating film 520. In addi-
tion, a conductive film 5224 serving as a pixel electrode was
formed over the second insulating film 520 to cover the open-
ing 542a. The conductive film 522a is connected to the drain
electrode 5125 of the transistor 550.

The connection portion 560 includes a first wiring 5045
over the substrate 502, the first insulating film 508 over the
first wiring 5045, an opening 5424 provided in the first insu-
lating film 508, a second wiring 512¢ over the first insulating
film 508, the second insulating film 520 over the second
wiring 512¢, an opening 540 provided in the second insulat-
ing film 520, and a conductive film 5224 serving as a third
wiring that is formed to cover the openings 5425 and 540 and
connects the first wiring 50456 and the second wiring 512¢.

Note that the first wiring 5045 was formed in the same steps
as the gate electrode 5044 of the transistor 550. Moreover, the
second wiring 512¢ was formed in the same steps as the
source electrode 512a and the drain electrode 5125 of the
transistor 550.

(Sample 2)

A semiconductor device in FIG. 19B includes a transistor
550 and a connection portion 570.

The transistor 550 had a structure similar to that of the
transistor 550 in Sample 1.

The connection portion 570 includes a first wiring 5045
over the substrate 502, the first insulating film 508 over the
first wiring 5045, an opening 5424 provided in the first insu-
lating film 508, a second wiring 512d over the first insulating
film 508, the second insulating film 520 over the second
wiring 5124, an opening 540 provided in the second insulat-
ing film 520, and a conductive film 5224 serving as a third
wiring that is formed to cover the openings 5425 and 540 and
connects the first wiring 5045 and the second wiring 5124.

Differences between the semiconductor device in FIG.
19A (Sample 1) and the semiconductor device in FIG. 19B
(Sample 2) are the formation method and the cross-sectional
shape of the second wiring 512¢ and the second wiring 5124.
Methods for manufacturing Sample 1 and Sample 2 are
described below. Note that the manufacturing methods of
Sample 1 and Sample 2 are the same except for the manufac-
turing methods of the second wiring 512¢ and the second
wiring 512d; thus, the common manufacturing methods are
described once, and the description is not repeated.
(Method for Manufacturing Sample 1)

First, the substrate 502 was prepared. A glass substrate was
used as the substrate 502. Then, a conductive film to be the
gate electrode 504a and the first wiring 5045 was formed over
the substrate 502. A 200-nm-thick tungsten film W was
formed by a sputtering method as the conductive film. After
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that, a first patterning step and an etching step were per-
formed, whereby the gate electrode 5044 and the first wiring
5045 were formed.

Then, the insulating films 506 and 507 were formed over
the substrate 502, the gate electrode 504a, and the first wiring
504b. A 400-nm-thick silicon nitride film was formed as the
insulating film 506. A 50-nm-thick silicon oxynitride film
SiON(1) was formed as the insulating film 507. Note that the
silicon nitride film was formed to have a three-layer structure
of a first silicon nitride film SiN(1), a second silicon nitride
film SiN(2), and a third silicon nitride film SiN(3). The first
silicon nitride film SiN(1) was formed to have a thickness of
50 nm under the following conditions: silane at a flow rate of
200 sccm, nitrogen at a flow rate of 2000 sccm, and an
ammonia gas at a flow rate of 100 sccm were supplied to a
reaction chamber of a plasma CVD apparatus as a source gas;
the pressure in the reaction chamber was controlled to 100 Pa,
and power of 2000 W was supplied with the use of a 27.12
MHz high-frequency power source. The second silicon
nitride film SiN(2) was formed to have a thickness 0f 300 nm
under the following conditions: silane at a flow rate of 200
sccm, nitrogen at a flow rate of 2000 sccm, and an ammonia
gas at a flow rate of 2000 sccm were supplied to the reaction
chamber of the plasma CVD apparatus as a source gas; the
pressure in the reaction chamber was controlled to 100 Pa,
and power of 2000 W was supplied with the use of a 27.12
MHz high-frequency power source. The third silicon nitride
film SiN(3) was formed to have a thickness of 50 nm under the
following conditions: silane at a flow rate of 200 sccm and
nitrogen at a flow rate of 5000 sccm were supplied to the
reaction chamber of the plasma CVD apparatus as a source
gas; the pressure in the reaction chamber was controlled to
100 Pa, and power of 2000 W was supplied with the use of a
27.12 MHz high-frequency power source. The substrate tem-
perature during the formation of the first silicon nitride film
SiN(1), the second silicon nitride film SiN(2), and the third
silicon nitride film SiN(3) was set to 350° C.

The silicon oxynitride film SiON(1) used as the insulating
film 507 was formed under the following conditions: silane
with a flow rate of 20 sccm and dinitrogen monoxide with a
flow rate of 3000 sccm were supplied to a reaction chamber of
a plasma CVD apparatus as a source gas; the pressure in the
reaction chamber was adjusted to 40 Pa; and a power of 100
W was supplied with the use of a 27.12 MHz high-frequency
power source. The substrate temperature during the forma-
tion of the silicon oxynitride film SiON(1) was set to 350° C.

Next, the oxide semiconductor film 510 was formed in a
position overlapping with the gate electrode 504a with the
insulating films 506 and 507 provided therebetween. Here, a
35-nm-thick oxide semiconductor film was formed over the
insulating film 507 by a sputtering method. The shape of the
oxide semiconductor film 510 was formed by a second pat-
terning step and an etching step.

The oxide semiconductor film was formed under the fol-
lowing conditions: a sputtering target of In:Ga:Zn=1:1:1
(atomic ratio) was used; oxygen with a flow rate of 100 sccm
and argon with a flow rate of 100 sccm were supplied as a
sputtering gas into a reaction chamber of a sputtering appa-
ratus; the pressure in the reaction chamber was adjusted to 0.6
Pa; and an alternating-current power of 2.5 kW was supplied.
The substrate temperature during the formation of the oxide
semiconductor film was set to 170° C.

Next, the source electrode 512a and the drain electrode
512b were formed in contact with the oxide semiconductor
film 510. The second wiring 512¢ was formed over the insu-
lating film 507. The shapes of the source electrode 5124, the
drain electrode 5125, and the second wiring 512¢ were
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formed by a third patterning step and an etching step. In the
third patterning step, the source electrode 5124 and the drain
electrode 5125 were formed with the use of resist masks
whose shapes were similar to those of the resist masks 148«
and 1486 in FIG. 4D. The second wiring 512¢ was formed
with the use of a resist mask whose shape was similar to that
of the resist mask 148¢ in FIG. 4D. As the resist mask in a
region of the second wiring 512¢, a gray tone mask was used.

As the source electrode 512a, the drain electrode 51254, and
the second wiring 512¢, a 400-nm-thick aluminum film Al
was formed over a 50-nm-thick tungsten film W, and a 200-
nm-thick titanium film Ti was formed over the aluminum film
Al Note that the tungsten film W, the aluminum film Al, and
the titanium film Ti each were formed by a sputtering method.

Next, after the substrate was transferred to areaction cham-
ber in a reduced pressure and heated at 350° C., the oxide
semiconductor film 510 was exposed to oxygen plasma that
was generated in a dinitrogen monoxide atmosphere by sup-
ply of a high-frequency power of 150 W to an upper electrode
provided in the reaction chamber with the use ofa27.12 MHz
high-frequency power source.

Next, the insulating films 514 and 516 were formed to
cover the oxide semiconductor film 510, the source electrode
512a, the drain electrode 5125, and the second wiring 512c¢.
As the insulating film 514, a first oxide insulating film was
formed. As the insulating film 516, a second oxide insulating
film was formed.

First, after the above oxygen plasma treatment, the first
oxide insulating film and the second oxide insulating film
were formed in succession without exposure to the air. A
50-nm-thick silicon oxynitride film SiON(2) was formed as
the first oxide insulating film, and a 400-nm-thick silicon
oxynitride film SiON(3) was formed as the second oxide
insulating film. The silicon oxynitride film SiON(2) and the
silicon oxynitride film SiON(3) were formed using deposi-
tion gases of the same kind; thus, in the cross section, the
interface between these films cannot be clearly defined in
some cases.

The first oxide insulating film was formed by a plasma
CVD method under the following conditions: silane with a
flow rate of 20 sccm and dinitrogen monoxide with a flow rate
0t 3000 sccm were used as a source gas; the pressure in the
reaction chamber was 200 Pa; the substrate temperature was
350° C.; and a high-frequency power of 100 W was supplied
to parallel-plate electrodes.

The second oxide insulating film was formed by a plasma
CVD method under the following conditions: silane with a
flow rate of 160 sccm and dinitrogen monoxide with a flow
rate of 4000 sccm were used as a source gas; the pressure in
the reaction chamber was 200 Pa; the substrate temperature
was 220° C.; and a high-frequency power of 1500 W was
supplied to parallel-plate electrodes. Under the above condi-
tions, it is possible to form a silicon oxynitride film containing
oxygen at a higher proportion than oxygen in the stoichio-
metric composition and from which part of oxygen is released
by heating.

Next, by heat treatment, water, nitrogen, hydrogen, and the
like were released from the first oxide insulating film and the
second oxide insulating film and part of oxygen contained in
the second oxide insulating film was supplied to the oxide
semiconductor film 510. Here, the heat treatment was per-
formed at 350° C. in a mixed atmosphere of nitrogen and
oxygen for one hour.

Next, the opening 540 was formed in desired regions of the
insulating films 514 and 516. The shape of the opening 540
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was formed by a fourth patterning step and an etching step.
Furthermore, the opening 540 was formed by a dry etching
method.

Then, over the insulating film 516, the insulating film 518
was formed to cover the opening 540. A 100-nm-thick nitride
insulating film was formed as the insulating film 518. The
nitride insulating film was formed by a plasma CVD method
under the following conditions: silane at a flow rate of 50
sccm, nitrogen at a flow rate of 5000 sccm, and an ammonia
gas at a flow rate of 100 sccm were used as a source gas, the
pressure in the reaction chamber was 100 Pa, the substrate
temperature was 350° C., and high-frequency power of 1000
W was supplied to the parallel-plate electrodes.

Next, the opening 542a reaching the drain electrode 5126
was formed in the insulating films 514, 516, and 518, the
opening 5425 reaching the first wiring 5045 was formed in the
insulating films 506 and 507, and an opening 542¢ reaching
the second wiring 512¢ was formed in the insulating films
514, 516, and 518, at the same time. The shapes of the open-
ings 542a, 542b, and 542¢ were formed by a fifth patterning
step and an etching step. Furthermore, the openings 542aq,
5425, and 542¢ were formed by a dry etching method.

Then, over the insulating film 518, the conductive film
522a was formed to cover the opening 542a. Furthermore,
over the insulating film 518, the conductive film 5225 serving
as a third wiring was formed to cover the openings 54256 and
542c¢. Note that the shapes of the conductive films 5224 and
522b were formed by a sixth patterning step and an etching
step.

As the conductive films 522a and 52256, a 100-nm-thick
conductive film of an indium oxide-tin oxide compound con-
taining silicon oxide (ITO-SiO,, hereinafter referred to as
ITSO) was formed by a sputtering method. Note that the
composition of a target used for forming the conductive film
was In,0,:5n0,:810,=85:10:5 [wt %]. Furthermore, the
conductive films 5224 and 5225 were formed by a wet etching
method.

Through the above steps, Sample 1 of one embodiment of
the present invention was manufactured.

(Method for Manufacturing Sample 2)

The method for manufacturing Sample 2 is different from
the method for manufacturing Sample 1 in only the following
point.

After the oxide semiconductor film 510 was formed, the
source electrode 5124 and the drain electrode 5125 that were
in contact with the oxide semiconductor film 510 were
formed. In addition, the second wiring 5124 was formed over
the insulating film 507. Note that the shapes of the source
electrode 512a, the drain electrode 5124, and the second
wiring 512d were formed by the third patterning step and the
etching step. Furthermore, the source electrode 512a, the
drain electrode 5125, and the second wiring 5124 were
formed using a normal mask.

Through the above steps, Sample 2 for comparison was
manufactured.

FIGS. 20A and 20B show cross-sectional observation
results of Sample 1 and Sample 2.

In this example, the cross section of the connection portion
560 in FIG. 20A and the cross section of the connection
portion 570 in FIG. 20B were observed. Note that the cross-
sectional observation results in FIGS. 20A and 20B were
obtained by scanning transmission electron microscopy
(STEM). In FIGS. 20A and 20B, C represents carbon (C)
coating used in observation by STEM and Pt represents plati-
num (Pt) coating used in observation by STEM.

As shown in FIG. 20A, taper angles of cross-sectional
shapes of the tungsten film W, the aluminum film Al, and the
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titanium film Ti which were used as the second wiring 512¢ of
Sample 1 are small. Note that in this Example, the taper angle
refers to an angle formed by the top surface of SiON (1) and
the side surface of the aluminum film Al or the titanium film
Ti when the sample is seen from the direction perpendicular
to the cross section (i.e., the plane perpendicular to the surface
of'the substrate). In addition, the titanium film Ti is provided
on an inner side of the aluminum film Al. With such a cross-
sectional shape of the second wiring 512¢ shown in FIG. 20A,
the coverage of the second wiring 512¢ with films formed
over the second wiring 512¢, which are SION(2). SiON(3).
SiN(4), and ITSO in FIG. 20A, are favorable.

On the other hand, as shown in FIG. 20B, taper angles of
cross-sectional shapes of the tungsten film W, the aluminum
film Al, and the titanium film Ti which were used as the
second wiring 5124 of Sample 2 are larger than those of
Sample 1. With such a cross-sectional shape of the second
wiring 5124 shown in FIG. 20B, the coverage of the second
wiring 512¢ with films formed over the second wiring 5124,
which are SION(2). SiON(3), SiN(4), and ITSO in FIG. 20B,
are poor. In particular, SiN(4) and ITSO covers regions hav-
ing reversed tapered angles.

The structures described in this example can be used as
appropriate in combination with any of the other embodi-
ments.

This application is based on Japanese Patent Application
serial no. 2013-144824 filed with Japan Patent Office on Jul.
10, 2013 and Japanese Patent Application serial no. 2013-
160047 filed with Japan Patent Office on Aug. 1, 2013, the
entire contents of which are hereby incorporated by refer-
ence.

What is claimed is:

1. A semiconductor device comprising:

a first wiring;

a second wiring;

a third wiring electrically connecting the first wiring and

the second wiring; and
a transistor comprising:
a semiconductor film including a channel formation
region; and
a source electrode and a drain electrode electrically con-
nected to the semiconductor film,
wherein the second wiring, the source electrode and the
drain electrode are provided on a same surface,

wherein each end portion of the second wiring, the source
electrode and the drain electrode comprises an upper end
portion and a lower end portion, and

wherein a distance between the upper end portion and the

lower end portion of the second wiring is longer than a
distance between the upper end portion and the lower
end portion of each of the source electrode and the drain
electrode.

2. The semiconductor device according to claim 1,

wherein the transistor further comprises a gate electrode

overlapping with the semiconductor film with an insu-
lating film provided therebetween, and

wherein the first wiring and the gate electrode are provided

on a same surface.

3. The semiconductor device according to claim 1, further
comprising a pixel electrode over and electrically connected
to the source electrode or the drain electrode,

wherein the third wiring and the pixel electrode are pro-

vided on a same surface.

4. The semiconductor device according to claim 1, wherein
at least one of a tip of the first wiring and a tip of the second
wiring has a circular shape in a top view.
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5. The semiconductor device according to claim 1, wherein
a side surface of the second wiring has a stepwise shape.

6. The semiconductor device according to claim 1,

wherein the semiconductor film is an oxide semiconductor

film comprising an In-M-Zn oxide, and

wherein M is Al, Ga, Ge, Y, Zr, Sn, La, Ce, or Hf.

7. A display device comprising the semiconductor device
according to claim 1.

8. The semiconductor device according to claim 1, wherein
an angle formed by a bottom surface and a side surface of the
second wiring is smaller than that of each of the source
electrode and the drain electrode.

9. A semiconductor device comprising:

a first wiring;

a second wiring;

a third wiring electrically connecting the first wiring and

the second wiring; and

a transistor comprising:

a semiconductor film including a channel formation
region;

a gate eclectrode overlapping with the semiconductor
film with a first insulating film provided therebe-
tween; and

a source electrode and a drain electrode electrically con-
nected to the semiconductor film,

a second insulating film over the transistor and the second

wiring; and

a pixel electrode over the second insulating film and elec-

trically connected to the source electrode or the drain

electrode,

wherein the second wiring, the source electrode and the

drain electrode are provided on a same surface,

wherein each end portion of the second wiring, the source
electrode and the drain electrode comprises an upper end
portion and a lower end portion, and

wherein a distance between the upper end portion and the

lower end portion of the second wiring is longer than a

distance between the upper end portion and the lower

end portion of each of the source electrode and the drain
electrode.

10. The semiconductor device according to claim 9,

wherein the first wiring and the gate electrode are provided

on a same surface, and

wherein the third wiring and the pixel electrode are pro-

vided on a same surface.

11. The semiconductor device according to claim 9,
wherein at least one of a tip of the first wiring and a tip of the
second wiring has a circular shape in a top view.

12. The semiconductor device according to claim 9,
wherein a side surface of the second wiring has a stepwise
shape.

13. The semiconductor device according to claim 9,

wherein the semiconductor film is an oxide semiconductor

film comprising an In-M-Zn oxide, and

wherein M is Al, Ga, Ge, Y, Zr, Sn, La, Ce, or Hf.

14. The semiconductor device according to claim 9,

wherein the gate electrode is a first gate electrode, and

wherein the transistor further comprises a second gate elec-
trode overlapping with the first gate electrode with the
semiconductor film provided therebetween.

15. A display device comprising the semiconductor device
according to claim 9.

16. The semiconductor device according to claim 9,
wherein an angle formed by a bottom surface and a side
surface of the second wiring is smaller than that of each of the
source electrode and the drain electrode.
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17. A semiconductor device comprising:

a first wiring;

a second wiring;

a third wiring electrically connecting the first wiring and

the second wiring; and

a transistor comprising:

a gate electrode;

a first insulating film over the gate electrode and the first
wiring;

a semiconductor film including a channel formation
region over the first insulating film; and

a source electrode and a drain electrode over and elec-
trically connected to the semiconductor film;

a second insulating film over the transistor and the second

wiring; and

a pixel electrode over the second insulating film and elec-

trically connected to the source electrode or the drain
electrode,

wherein the first wiring and the gate electrode are provided

on a same surface,

wherein the second wiring, the source electrode and the

drain electrode are provided on a same surface,
wherein the third wiring is in contact with the first wiring
through a first opening in the first insulating film,
wherein the third wiring is in contact with the second
wiring through a second opening in the second insulat-
ing film,
wherein each end portion of the second wiring, the source
electrode and the drain electrode comprises an upper end
portion and a lower end portion, and

wherein a distance between the upper end portion and the

lower end portion of the second wiring is longer than a
distance between the upper end portion and the lower
end portion of each of the source electrode and the drain
electrode.

18. The semiconductor device according to claim 17,
wherein at least one of a tip of the first wiring and a tip of the
second wiring has a circular shape in a top view.

19. The semiconductor device according to claim 17,
wherein a side surface of the second wiring has a stepwise
shape.

20. The semiconductor device according to claim 17,

wherein the semiconductor film is an oxide semiconductor

film comprising an In-M-Zn oxide, and

wherein M is Al, Ga, Ge, Y, Zr, Sn, La, Ce, or Hf.

21. The semiconductor device according to claim 17,

wherein the gate electrode is a first gate electrode,

wherein the transistor further comprises a second gate elec-
trode over the second insulating film, and

wherein the second gate electrode and the first gate elec-

trode overlap with each other with the semiconductor
film provided therebetween.

22. A display device comprising the semiconductor device
according to claim 17.

23. The semiconductor device according to claim 17,
wherein an angle formed by a bottom surface and a side
surface of the second wiring is smaller than that of each of the
source electrode and the drain electrode.

24. A semiconductor device comprising:

a wiring; and

a transistor comprising:

a first gate electrode;

a first insulating film over the first gate electrode;

a semiconductor film including a channel formation
region over the first insulating film;

a source electrode and a drain electrode over and elec-
trically connected to the semiconductor film;



US 9,293,480 B2

43

a second insulating film over the wiring, the source
electrode and the drain electrode; and
a second gate electrode over the second insulating film,
wherein the wiring, the source electrode and the drain
electrode are provided on a same surface,
wherein each end portion of the wiring, the source elec-
trode and the drain electrode comprises an upper end
portion and a lower end portion,
wherein a distance between the upper end portion and the
lower end portion of the wiring is longer than a distance
between the upper end portion and the lower end portion
of each of the source electrode and the drain electrode,

wherein the second gate electrode comprises a first region
and a second region that face each other in a channel
width direction of the transistor, and

wherein the semiconductor film is between the first region

and the second region of the second gate electrode.

25. The semiconductor device according to claim 24,

wherein the semiconductor film is an oxide semiconductor

film comprising an In-M-Zn oxide, and

wherein M is Al, Ga, Ge, Y, Zr, Sn, La, Ce, or Hf.

26. The semiconductor device according to claim 24,
wherein an angle formed by a bottom surface and a side
surface of the wiring is smaller than that of each of the source
electrode and the drain electrode.

27. A display device comprising the semiconductor device
according to claim 24.

28. A semiconductor device comprising:

a wiring; and

a transistor comprising:

a first gate electrode;

a first insulating film over the first gate electrode;

a semiconductor film including a channel formation
region over the first insulating film;
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a source electrode and a drain electrode over and elec-
trically connected to the semiconductor film;
a second insulating film over the wiring, the source
electrode and the drain electrode; and
a second gate electrode over the second insulating film,
wherein the wiring, the source electrode and the drain
electrode are provided on a same surface,
wherein each end portion of the wiring, the source elec-
trode and the drain electrode comprises an upper end
portion and a lower end portion,
wherein a distance between the upper end portion and the
lower end portion of the wiring is longer than a distance
between the upper end portion and the lower end portion
of each of the source electrode and the drain electrode,

wherein a first opening is in the first insulating film and the
second insulating film, and a second opening is in the
first insulating film and the second insulating film,

wherein the semiconductor film is between the first open-
ing and the second opening, and

wherein the first gate electrode and the second gate elec-

trode are electrically connected to each other through the
first opening and the second opening.

29. The semiconductor device according to claim 28,

wherein the semiconductor film is an oxide semiconductor

film comprising an In-M-Zn oxide, and

wherein M is Al, Ga, Ge, Y, Zr, Sn, La, Ce, or Hf.

30. The semiconductor device according to claim 28,
wherein an angle formed by a bottom surface and a side
surface of the wiring is smaller than that of each of the source
electrode and the drain electrode.

31. A display device comprising the semiconductor device
according to claim 28.

#* #* #* #* #*
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